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FIELD ARTILLERY SCHOOL Dep
Weapons Department

Fort Sill, Oklahoma

CHAPTER 1

CANNON WEAPON SYSTEMS OF THE FIELD ARTILLERY

Section I. GENERAL

1-1. Reorecs compare a Roman catapult with a modern artillery
TM 9-1015-203-12, TM 9-1015-234-12, TM 9- cannon seems absurd. Yet, the only difference is

1025-200-12, TM 9-1025-211-10, TM 9-2300- the kind of energy that sends the projectile on its
216-10, TM 9-6920-361-13, and TM 9-6920-357- way.
1-2. b. Every artillery officer should be familiar with
1-2. Introduction the characteristics and functioning of modern

a.I re o cuitorele ihte artillery weapons; and as a matter of interest, he
i a.In rderto cquant urseveswiththe also should have knowledge of the historical

historical development of modern artillery we development of these weapons.

i must take a step back in the pages of history. To

~Section II. EXPLANATION

1-3. Period: 7 B.C-A.D. 1100
a. In the dawn of history, war engines were.....Iperforming the function of artilery (which may be " :

loosely defined as a means of hurling missies too . F*r
heavy to be thrown by hand), and it was from the ,.
use r" these crude weapons that the basic
principles of artillery originated. The Scriptures
record the use of ingenious machines-probably
predecessors of the catapult and ballista, getting
power from twisted ropes made of hair, hide, or
sinew--on the wall of Jerusalem eight centuries
BC.

b. The baflista (fig 1-1) had horizntal arms like
a bow and was used to reduce fortifications. The .
arms were set in rope; a cord, fastened to the arms

Like a modern field gun, the ballista shot low and ; : :'' " L

directly toward the enemy. _ :

C" The catapult (fig 1-2) Was the howitzer or
mortar of it day. It could throw a 100-pound stone Figure 1-1. Balasts.

600 yards in a high arc to strike the enemy behind Europe is credited to the Moor at Saragoesa in
his wall or to batter down his defense. A.D. 1118. The earliest known cannon was a cast

1-4.Perod: D. 100-D. 962iron weapon (fig 1-3) shaped like a jug--lare1-4.Praed: A.D 110--AD. 9e2round body, narrow neck, and flared mouth. The
a. A ninth century Latin manuscript found in projectile was an iron dart. The shaft of the dart

Europe contain. a formula for gunpowder. was wrapped in leather to fit tightly into the neck
However, the first show of firearms in western of the piece. Range was about 700 yards and

S*Supersees HB1 wcxxws, Dec 80.

1-1
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Figure 1-2. Catapult. Figure 1-4. Bombard.

.This placed the crew well within range of expert

bowmen so there was usually a massive wooden
shield arranged over the gun to protect the
personnel while they loaded the weapon. This
shield could then be raised for firing.

c. During the period 1650-1850, tremendous
advances were made in the field of bronze and cast
iron metallurgy. This era saw the development
and standardization of calibers, the use of wheels
and carriages for mobility (fig 1-5), and the first
attempts to use a rifled bore with elongated
projectiles for increased accuracy and range. This
era also saw the end of the giant bombards which
had defeated and eliminated the huge stone castles
and fortresses which had dominated that period of
history.

d. In 1855, England's Lord Armstrong designed
a rifled, breech-loading cannon (fig 1-6) which
meant the beginning of the end for the old, cast
iron, round-shot, muzzle-loading cannon. This

Figure 1-3. Pot de fer. particular design was the first to use a cast tube
with exterior hoops shrunk on over the tube to

accuracy was doubtful. Due to its peculiar shape, reinforce the metal, thus permitting longer ranges
this cannon was called the pot de fer (iron jug). from lighter weapons. During the period of our

own Civil War, Capt. T.J. Rodman, Army
b. For approximately 300 years cannons

remained small crude tubes which tossed 1- or
2-pound lead or iron balls. By the middle of the
15th century cannons had developed into
enormous bombards (fig 1-4) with calibers up to 25
inches. One of these tremendous weapons was the
Mons Meg of Edinburgh Castle, which threw a
19 /-inch iron ball 1,400 yards or a stone ball twice
as far. The formidable bombards of the Turks are
another example of the 15th century cannon. Some
of these weapons were of cast bronze, weighed 19
tons, and could fire 600-pound stones at the rate of
seven shots a day. The technique of employing
these weapons was to emplace them about 100
yards from the wall or fortress to be battered down. Figure 1-5. Mobile artillery piece circa 1650.

1-2
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became possible. This allowed the use of smokeless
powder and high explosives and marked the end of
the black powder muzzle-loader. Almost as
important as these developments was the
invention f more efficient sighting and laying
mechanisms. In essence, artillery had assumed
the modem form. The next changes were the
results of startling developments in motor
transport, signal communication, chemical
warfare, tanks, aviation, mass production, and
finally, missiles.

Figure 1-6. Mobile artillery piece circa 1855.

Ordnance, perfected a method of casting barrels I Ww
which was the greatest "breakthrough" for

muzzle-loading artillery in over 700 years.
Basically, his method was to pour molten cast iron
around a water-cooled core. The inner walls of the -

bore solidified first and were compressed by the
contraction of the outer metal, which cooled down
more slowly. This resulted in a tube which had
much greater strength to resist explosion of the
charge. It was also during the Civil War that a A=-
newly designed rifle (Parrott's gun) startled the
world with its range and accuracy. However, the .r

heyday of the cast iron weapon was short-lived.
With the development of the steel industry,
perfection of breech and recoil mechanisms Figure 1-7. 105-mm howitzer MIOIAl.

1-5. Characteristics of Modem Cannon Weapon Systems
Today, the artilleryman has available to him the latest types of cannon weapon systems. The following

are weapons common to the United States armed forces and our allies.

a. 105-mm Howitzer MIOZAI. The following data pertain to the 105-mm howitzer M101A1 (fig 1-7):

Muzzle velocity 472 meters per second
Maximum range 11,000 meters
Type breechblock Horizontal sliding wedge
Type firing mechanism Continuous pull, M13
Type recoil mechanism Hydropneumatic
Maximum recoil 39 to 42 inches (44 inches is allowable)
Recoil gas pressure at 700 1,100 pounds per square inch
Minimum elevation -89 mils
Maximum elevation 1,156 mils
Type traverse Pintle
Maximum right traverse 409 mils
Maximum left traverse 400 mils
Type equilibrators Open spring (puller)
Tire pressure 40 pounds per square inch
Weight in firing position 4,980 pounds
Weight traveling 4,980 pounds
Maximum rate of fire 10 rounds per minute for the first 3 minutes
Sustained rate of fire 3 rounds per minute thereafter
Prime mover 2-ton, 6x6 truck, or helicopter
Technical manual TM 9-1015-203-12
Tube life (equivalent full charge)

( M2A1 5,000 rounds
M2A2 7,500 rounds

1-3



Figure 1-. 105-mm light howitzer M102 in traveling position.

Figure 1-9. 105-mm light howitzer MI02 in firing position.

b. 105-mm Howitzer M102. The following data pertain to the 105-mm howitzer M102 (figs 1-8 and 1-9):

Muzzle velocity 494 meters per second
Maximum range 11,500 meters
Type breechblock Vertical sliding wedge
Type firing mechanism Spring-actuated inertia percussion
Type recoil mechanism Hydropneumatic
Minimum recoil 30 inches
Maximum recoil 50 inches
Recoil gas pressure at 700 1,150 pounds per square inch
Minimum elevation -89 mils
Maximum elevation 1,333 mils
Type traverse Ball socket
Maximum right traverse 6,400 mils
Maximum left traverse 6,400 mils
Type equilibrators Spring
Tire pressure 40 pounds per square inch on super highways

20 pounds per square inch on unimproved roads
Weight in firing position 3,171 pounds
Weight traveling 3,338 pounds
Maximum rate of fire 10 rounds per minute for the first 3 minutes
Sustained rate of fire 3 rounds per minute thereafter
Prime mover Helicopter, parachute, or 5/4-ton truck
Technical manual TM 9-1015-234-12
Tube life (equivalent full charge 5,000 rounds, but see table 6 of TM 9-1000-202-10

for special inspection criteria

1.4

' i-- .



Fgu re h-oiS~ m w i t e M 14A I/A2 h w t e 4 1 1 ( i

MI1 AI The folownS data Perkst o t

C. 55m " How iter 
to1AI the 

f56-U~" 564~t Meter 
(fise 

on

1AUZ~~le velocitY 14 600 metersinerpdscw
9edthread, it

M uzzle m ranget~ 
564on Mi.5  e s c n

ype bree IC k Iydropneun ic
Typ1,660ipoundshpeism 41 ininch

Type recoil m ech ni m nIm elevatiofl 60 inches

r elI ~ u I c o i a t m n i mu n 0 t a l

=1e1i gas p*re5S at 10' 156ml
Wainmelevation 

pnl

Maxim~ium elevation 48ml
Type travernh rvre48ml

ma xlim um righ traver ngrset r nc

Maximum lf traverse 5 onsPrsur

euiibratOts 
12,700 pounds

egtO poave i tio 
12,700 pounds i u sf rt e it3 m n t s

rateh f fi re 
4 rounds Per m inte f the frafter m i U

Vli h ra el n 
round Per nfute the avyf t eic p e

fr ile ote o i 
_ton 6 x truck rb a Y'dh lC pe

6 M Oh f l i d a ns u fn i r 
T M A 9 1 0 2 5 , o o1 2

Tuehnice (e lvant full charge) 
2,000 ru d

T u b i f e(lv a 7 ,5 0 0 r o u n d s

?MiA2



4

Figure 1-11. 155-mm howitzer M109A2/A3, SP.

d. 155-mm Howitzer, M109A2/A3, SP. The following data pertain to the 155-mm howitzer M109A2/A3,
SP (fig 1-11):

Muzzle velocity 701 meters per second
Maximum ranges 14,600 meters (charge 7)

18,100 meters (charge 8)
Type breechblock Thread, interrupted screw
Type of firing mechanism Continuous pull, M35
Type of recoil mechanism Hydropneumatic
Minimum recoil 24 inches
Maximum recoil 36 inches
Recoil gas pressure at 700 700 pounds per square inch
Minimum elevation -53 mils
Maximum elevation 1,333 mils
Type traverse Base ring and race
Maximum right traverse 6,400 mils
Maximum left traverse 6,400 mils
Type equilibrator Hydropneumatic
Tire pressure Track vehicle
Weight in firing position 53,940 pounds for M109A1
Weight in traveling position 55,000 pounds for the M109A2/A3
Maximum rate of fire 4 rounds per minute for 3 minutes
Sustained rate of fire Charge 1-7 1 round per minute

Charge 8 1 round perminute for 60 minutes, then 1
round per 3 minutes thereafter

Prime mover Self-propelled
Technical manual TM 9-2350-217-ION (A1/A3) TM 9-2550-303-10 (A2)
Tube life (equivalent full charge) M185 tube, 5,000 rounds

EFC values Charge 8 = 1.00
Charge 7 = 0.75
Charge 1-6 = 0.25

146
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Figum 1-12. 156-mm ho&atwr M198.

e. 155-mm Howitzer M198, Towed. The following data pertin to 155-mm howitzer M198, towed (fig
1-12):

Muzzle velocity 826 meters per second
Maximum ranges 24,000 meters NONRAP

30,000 meters with RAP
Type of breechblock Threaded, interrupted screw
Type of firing mechanism Continuous pull, M35
Type of recoil mechanism Hydropneurnatic
Minimum recoil 50 inches +_2
Maximum recoil 70 inches +2
Minimum elevation -75 mile
Maximum' levation 1,275 mils
Type tr, '!je
Maximum right traverse 400 mils or 6,400 with speed shift
Maximum left traverse 400 mils
Type equilibrator Pneumatic lifter
Tire pressure 45 pounds per square inch
Weight in firing position 15,800 pounds
Weight in traveling position 15,80W pounds
Maximum rate of fire 4 rounds per minute for 3 minutes
Sustained rate of fire 2 rounds per minute for 30 minutes/i round per

minute thereafter
Prime mover 5-ton truck
Technical manual
Tube life (equivalent full charge) M199 tube, 1,750 rounds

EFC values M203 Charge 89 = 1.00
M119A1 Charge 8 = 0.70
M4-Series Charge 7 = 0.25

Charge 6 = 0.25
Charge 5 = 0.10
Charge 4 = 0.10
Charge 4 = 0.10Charge 3 --0.10

M3-Series Charge 5 = 0.25Charge 4 = 0.10

Charge 3 = 0.10
Note. Do not fire below Charge 3.
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figure 1-13. 8-inch howitzer MIIOA2, SP.

f 8-inch Howitzer MZZOA2, SP. The following data pertain to 8-inch howitzer M11OA2, SP
(fig 1-13):

Muzzle velocity 747 meters per second
Maximum range Non-RAP 22,900 meters; RAP 30,000
Type of breechblock Stepped threaded, interrupted screw
Type of firing mechanism Continuous pull, M35
Type of recoil mechanism Hydropneumatic
Minimum recoil 25 inches
Maximum recoil 70 inches
Recoil gas pressure at 700 2,130 pounds per square inch
Minimum elevation 35 mils
Maximum elevation 1,156 mils
Type traverse Base ring and race
Maximum right traverse 533 mils
Maximum left traverse 533 mils
Type equilibrator Pneumatic lifter
Tire pressure Track vehicle
Muzzle break weight 550 pounds
Weight in firing position 62,100 pounds
Weight in traveling position 62,100 pounds
Maximum rate of fire 1.5 rounds per minute for 3 minutes
Sustained rate of fire I round every 2 minutes thereafter
Prime mover Self-propelled
Technical manual TM 9-2300-216-10
Tube life (equivalent full charge) M201 tube, 7,500 rounds

EFC values Charge 9 = 1.00
Charge 7-8 = 0.70
Charge 1-6 = 0.25

1-S Ii



Figure 1-14. Laser, Gunnery Trainer M55.

g. Laser, Gunnery Trainer M55. The following data pertain to the ADFT. This device can be used with
the M101A1-M102-M109A2-M198 Howitzers. At present there is no mount for the M110A2 Howitzer (fig
1-14):

Power Requirements:

Input voltage 24 +6 vdc
Input current (nominal) 1.3 amperes

I Input current (maximum) 3 amperes
Operating Characteristics:

Modes of operation Continuous and flash
Power output 0.5 to 2.0 milliwatts (nominal)
Beam diameter Approximately %-inch (16 millimeters) at 200 feet

(61 meters)
Flash duration 100 +25 milliseconds
Repetition rate Retriggerable 200 milliseconds after release of

trigger

Temperature:
Operating 0- F (-18' C) to +100- F (+560 C)
Nonoperating (storage) -50 F (-540 C) to +1550 F (+??)

Altitude:
Operating Sea level to 10,000 feet (3,048 meters)
Nonoperating (transporting) Sea level to 50,000 feet (15,240 meters)

1-O
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h. 14.5 Field Artillery Trainer. The following data pertain to the trainer (fig 1-15):
Barrel Rifled portion 13 1 -inches long, uniform right

hand twist, one turn in 8.5 calibers
Breech -Bolt action with safety
Firing mechanism Trigger located at left rear of breech
Elevating limits Minus 52 mils and plus 1,617 mils
Loading limits Minus 52 mils and plus 1,070 mils
Traverse 6,400 mils
Mile per turn of handwheel

*Elevating 52 mile
Traversing 66 mileAmmunition (fixed round 14.5-mm cartridge)

*M181-Charge 1 (1305A365) 3-second delay fuse
M182-Charge 1 (1305A366) 6-second delay fuse

*M183--Charge 1 (1305A367) Point detonating fuze
Muzzle velocity (all cartridges) 100 meters per second

Maximum range 730 meters

Section III. SUMMARY

* 1-.. Review b. The artillery weapon has progressed from the
early, crude implements used to hurl rocks, etc., to

a. This chapter has covered briefly 2,500 years the highly mobile, accurate, and long-range "
*of history on the development of artillery from the cannons utilizing chemical, high explosive, and

early days of the Roman Empire to the present nuclear projectiles and warheads. Development of
time. During these past centuries both the gun and weapons, ammunition, tactics, and techniques are

*the gunner have passed through a series of phases. not attributable to any one race or nationality. A
The early gunner was first considered a detailed study of the history of artillery will show
practitioner of the art of witchcraft, in league with that China, some Arabic nations, Turkey, Sweden,
the devil. Then artillery became an art. Today, Russia, Scotland, England, France, Germany,

tartillery is a military profession embracing all the Belgium, Spain, and the United States, as well as
technical and scientific developments of modern many other nations, have all contributed theirh.ltre, 1 Mdpart in developing artillery through the centuries.
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CHAPTER 2

FUNDAMENTALS OF CANNON WEAPON SYSTEMS

Section 1. GENERAL

2-1. References jack float. The towed 105-mm howitzer M102, a
TM 9-3305-1, chapters 1 through 6, 8, and 9. lightweight weapon with a low silhouette, employs

a firing platform, which must be staked to the
2-2. Introduction ground to attain stability. Most of the stability of

The mission of the field artillery is to destroy, self-propelled weapons is obtained by the weight
neutralize, or suppress the enemy by cannon, of the weapon, the weight of the carriage, and the
rocket and missile fires and to integrate all design of the track and suspension system;
supporting fires into combined arms operation. however, the self-propelled weapons are equipped
This mission requires that the weapons be in also with some type of recoil spades to improve
position and ready to fire at the appointed time. To stability. In addition, a lockout feature in the track
fulfill this requirement, the field ar"ilery weapons suspension system of the self-propelled 8-inch
must have certain characteristics, three of which howitzer further enhances the stability of this
are considered basic. These three basic heavy weapon.
characteristics are mobility, stability, and c. Flexibility. Flexibility is the ability of a
flexibility, weapon to deliver fire over a wide front and at all

a. Mobility. Mobility is the ability to move over angles of elevation without time-consuming
terrain at relatively high speeds. Mobility is shifts. Flexibility is achieved by maximum
achieved in two ways-by the use of pneumatic on-carriage elevation and traverse. Flexibility of
tires on towed weapons to reduce road shock at towed weapons is achieved through the use of
high speeds and by the use of highly mobile, rear-mounted trunnions, split trails, and pintle
full-tracked, self-propelled vehicles on which the traverse or a pivot and socket and a firing
weapons are mounted. In addition, all current field platform; flexibility of self-propelled weapons is
artillery weapons are air transportable. achieved through the use of ring and race traverse

b. Stability. Stability is the ability of an adra-one rnin
emplaced weapon to remain in place and
withstand the shock of firing. Stability is achieved Note. Some of the characteristics and
in the medium towed weapon of today by use of capabilities of field artillery weapons are given in
three points of suspension-two trails and a firing appendix A.

Section 11. ARTILLERY CARRIAGES, GENERAL

2-3. Clsiiainof Carriages carig aswe eitheres A toe arilr weapon is
A weponis lasifie bythecariag as ithr oe tat ust e mvedby omeexternal source of

self-propelled or towed. The carriage supports the power, such as a truck or a tractor. A lunette on the
weapon in the firing and traveling positions. end of the frail(s) and a coupling on the rear of the

prime mover provide a rapid and secure means of
a. Self-propelled carriage. A self-propelled coupling the carriage to the prime mover. Because

carriage is one that contains its own means of of their relatively light weight, towed weapons are
propulsion. Current models of self-propelled transportablu by both rotary-wing and
weapons are air transportable. fixed-wing aircraft.

*Supersedes HB-2 WCXXWS, Dec 80.
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2-4. Components of the Carriage
The carriage consists of some combination of the

following major components (figs 2-1 through
2-15): bottom carriage, equalizer, top carriage, 0

cradle, sleigh, equilibrator, elevating mechanism, AXLE--TRAL

traversing mechanism, axle, trails, and wheels.
Some towed artillery weapons are equipped with FRI' JACK
shields to protect the crew from enemy small-arms
fire. On some self-propelled weapons, a similar
protection is provided by an enclosed turret. Figure 2-3. Firing jack.

a. Bottom carriage. The bottom, or lower,
carriage (figs 2-1 and 2-2) is that part of the b. Axle. The axle is that part of the carriage that
weapon that supports the top carriage. Portions of supports the weight of the weapon. Spindles on the
the mechanism for rotating the top carriage in ends of the axle provide a means for mounting the
traverse are attached to the bottom carriage. The wheels. The size and shape of the bottom carriage
pintle-a vertical pin about which the top carriage may eliminate the need for a standard axle, in
rotates-secures the top carriage to the bottom which case, spindles for mounting the wheels are
carriage. The trail end (or ends) may be attached to mounted on either side of the carriage (fig 2-3).
the bottom carriages, and, on some weapons, a c. Equalizer. Certain towed weapons are
firing jack or spade (fig 2-3) may also be attached. equipped with an equalizer (fig 2-5), a mechanical
The bottom carriage may be fixed to the axle, or it device that permits the four points of contact with
may replace the axle and carry the wheels. The the ground (the two wheels and two trail ends) to be
construction of the towed howitzer M102 differs in different planes. The equalizer compensates for
considerably from that of earlier models in that it irregularity of the terrain so that the weight of the
has no bottom carriage. When the weapon is in the weapon and the shock of firing are transmitted to
firing position, the entire weapon and carriage rest the ground through all four points. The most
on a platform and pivot in traverse about a pivot common type of equalizer is a horizontal support
and socket joint located in the center of the firing secured to the axle by a horizontal pivot pin. The
platform (fig 2-4). support, located behind the axle, can rotate

through a small vertical angle about the
horizontal pivot pin that secures the support to the
midpoint of the axle. The trails are attached to the
ends of the support. The horizontal pivot pin and

cow the two trail spades provide the three-point
suspension for stability of the weapon in firing. A
pin I(called a pintle) passes vertically through the
center of the support and provides a pivot point
about which the top carriage traverses. When the
weapon is placed in the traveling position, the axle
and support are locked together. Equalizers are
generally used with light artillery carriages.

l ,,,M,,,,,,, d. Firing jack. The firing jack supports the
forward weight of the carriage during firing-, the
firing jack and the two trail spades provide
three-point suspension. A firing jack is used with

Figure 2-1. Components of the carriage, the towed medium artillery carriage.

LEVUL

ALL WHEELS SHOULD BE ON THE THE TOP OF THE SPADE MOLD BOARD SHOULD

GROUND AND THE LOCKOUT SYSTEM BE NO HIGHER THAN THE WHEEL fUSS AND NO
S04OULO BE ENGAGED LOWER THAN THE BOTTOM OF THE ROAD WHEELS

Figure 2-2. Self-propeled bottom carriage.
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FIRING STAKE FIRING PLATEFORM

Figure 2-4. The M102 howitzer leveler, pivot, buffer assembly, firing platform, and firing stakes.

e. Trails. The split trails on the 105-mm and see e above) and at the rear of self-propelled
155-mm towed carriages serve two principal carriages, are forced or dug into the ground to
purposes-they transmit most of the shock of minimize displacement of the weapon during
firing through the trail spades to the ground, and recoil. The spades on the 105-mm towed howitzer
they provide a means for coupling the weapon to M101A1 are fixed to the trails (fig 2-6). The spades
its prime mover. Brackets mounted on the trails
are attached to the bottom (or lower) carriage and
are divided into two sections. For firing, they are PINTLE

spread to form an angle of approximately 800 mils, SUPORT
or 45". The lightweight 105-mm howitzer M102
uses a modified box trail made in a single section.
Most of the shock of firing is transmitted through
the firing platform to the ground. The M102 does TRAVELIN. LOCK
not have spades-displacement is prevented by PIvoT PIN

eight metal stakes driven through holes located at AXLE

each point of the octagon-shaped firing platform \(fig 2-4).

f. Spades. The spades, positioned at the rear end - - I.

of the trails on towed weapons (except the M102, Figre 2-5. Equalizer.

2.3
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(fig 2-9) is employed on the split trail 105-mm and
(LOCKMIG NW FOR FIRING PMTM) 155-mm towed howitzers. This type of traverse

( N PSION) was used on most of the towed weapons of the past
30 years.

(2) Ring and race. Ring and race traverse is
LUNE employed on self-propelled weapons. A race,

containing balls or roller bearings, is mounted
between two rings, one of which is attached to the

-carriage and the other, to the turret. This
arrangement minimizes friction and reduces the
effort required to traverse the weapon.

DAWBAR LOCKNG SHAFT

ASSEMBLY (LOCKED POSITION) m

Figure 2-6. Fixed spade.

T'UNO INRN

-. KAR 
.-

PNT . I

RAPO 65072A

: |*

Figure 2-7. Detachable spade.

on the 155-mm towed howitzer are detachable and
are removed for traveling and carried in brackets
on the side of the trails (fig 2-7).
g. Top carriage. The top carriage (fig 2-8) Fire 2-9. Pintle traverse.

supports the cradle in its trunnion bearings and
includes the elevating mechanism. It moves with v. CA" AN -N-
the cradle in traverse but not in elevation. When
the weapon is traversed, the top carriage rotates
horizontally on the bottom carriage. (As noted in a ,.,M,. ,o, ,,.,,UNG Aft

above, the 105-mm howitzer M102 has no bottom
carriage.

h. Types of traverse. The types of traverse are
classified according to the manner in which the
cannon pivots in a horizontal plane about the
stationary parts of the weapon. The types of
traverse employed by artillery weapons are L "A--
described in (1) through (3) below. T

(1) Pintle. The pintle is a vertical pin about
which the top carriage revolves. Pintle traverse Figure 2-10. Traversing mechanismL
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(3) Pivot and socket. The carriage of the are placed in the gear train to make the system
105-mm howitzer M102 is supported on a firing irreversible so that the tube is held at the elevation
platform by a pivot and socket and four stabilizing set. Elevating mechanisms may be either
devices, which ride on the firing platform manually or power operated, or they may
stiffening ring, permitting a full 6,400-mil incorporate both capabilities.
traverse (fig 2-4). A roller tire, which is operated by
a handwheel on the left side of the trail, is located
at the rear of the trail and facilitates fine
traversing of the weapon. For large changes in
direction, the weapon can be traversed about the
pivot and socket joint located in the center of the
aluminum platform. If necessary, one man can lift

the lunette to traverse the weapon to the desired
azimuth. / CD TRUNNION

i. Traversing mechanism. The traversing

mechanism is a mechanical device used for
making lateral changes in the direction of the tube Figure 2-11. Sleigh and cradle.
and for holding the tube in that position. A typical
traversing mechanism (the arc and pinion type) is
shown in figure 2-10. The M102 is traversed as WtAPON

described in h(3) above. Traversing mechanisms
may be either manually or power operated, or they
may incorporate both capabilities.

j. Cradle. The cradle (fig 2-11) is that part of the TLNN.ON

carriage that supports the tube and sleigh. If the
weapon is not equipped with a sleigh, the cradle
houses the tube and the recoil mechanism. In M
general, the cradle is a U-shaped trough with
slides or rails along which certain weapon
components recoil and counterrecoil. If a sleigh is
used, the cradle provides a means of securing the
recoil piston rod or rods. If a sleigh is not used, the
cradle provides mountings for the recoil cylinders. Figure 2-12. Elevating mechanism.
The trunnions of the cradle furnish an axis about
which the tipping parts rotate in elevation. The
trunnions rest in trunnion bearings on the m. Equilibrator. On artillery weapons, the
carriage. The elevating mechanism is coupled to horizontal axis (trunnions) about which the tube
the cradle by means of the elevating arc, which revolves is located well to the rear of the center of
normally is fastened to the bottom or side of the gravity of the tube to permit high angles of
cradle. The cradle supports the recoiling parts and elevation. Thus, the tube is unbalanced, with themoves in elevation with them. preponderance of weight toward the muzzle. An

equilibrator is a mechanical device that overcomes
k. Sleigh. The sleigh (fig 2-11) is that part of the the unbalanced weight and keeps the tube in

carriage that provides the immediate support for balance at all angles of elevation so that it can be
the tube. In some weapons, the sleigh houses the easily elevated or depressed. All types of
recoil mechanism and recoils with the tube on the equilibrators are designed to reduce the manual
cradle. In some cases, the recoil cylinders are bored effort required to elevate the tube. The equilibrator
directly into the sleigh; in others, the cylinders are is in proper adjustment when the tube can be
separate tubes that are rigidly attached to the elevated and depressed with equal ease. The
sleigh. The tube is firmly secured to the sleigh, general types of equilibrators are spring,which slides on the cradle in recoil and pneumaic, and hydropneumatic.
counterrecoil. (i) Spring equilibrator. The spring

1. Elevating mechanism. The elevating equilibrator (fig 2-13)consistsofaspring(s), stops,
mechanism (fig 2-12) consists of devices for and guide rods. The spring(s) is held in place under
elevating or depressing the tube and holding it at tension by the stops, which are connected to guide
the desired angle while it is being fired. The final rods. When the tube is in its horizontal position,
action generally is applied through an elevating the spring is compressed by the weight of the
arc attached to the cradle and an elevating pinion barrel. The resultant force of the spring against
attached to the top carriage. When an arc and the cradle balances the tube. As the tube is
pinion are used, a worm and worm wheel usually elevated, less force is required to hold it in balance.

24
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The spring stop moves with the cradle, allow4ing (2) Pneumatic equilibrator. The pneumatic
the spring to expand and thereby reducing the equilibrator (fig 2-14) consists essentially of two
force of the spring. The force of the spring is gas-filled telescoping cylinders with suitable
always great enough to hold the tube in balance. packing glands and pistons to confine the

compressed gas. As the tube is depressed, the
cylinders move apart, bringing the pistons close
together and thereby increasing the gas pressure
and producing a greater lifting force on the tube.
As the tube is elevated, the cylinders are
telescoped, decreasing the gas pressure to produce

'- a smaller lifting force on the tube.

(3) Hydropneumatic equilibrator. The
hydropneumatic equilibrator (fig 2-15) consists of
a cylinder with a movable piston and rod and a

Figure 2-13. Spring equilibrators, pressure tank connected to the cylinder by a short
pipe. These parts are permanently fastened to the
top carriage. The piston rod is fastened to the
cradle. Liquid from the cylinder passes through
the pipe connection to the tank. As the tube is
depressed, the piston moves to the rear, forcing the
liquid into the tank against the gas pressure. The

ADJUSTING increasing pressure on the piston keeps the tube in
ScREW balance. As the tube is elevated, the gas pressure

SCALE forces the liquid back into the cylinder, moving the
piston forward. This pressure aids in elevating the
tube and holdng it in position.

Note. Pneumatic and hydropneumatic
equilibrators -must be adjusted by the cannon crew
to compensate for changes in ambient

113951 temperature; spring-type equilibrators normally
require adjustment only if components are

Figure 2-14. Pneumatic equilibrator with replaced or, rarely, to compensate for spring
adjustment scale. fatigue.

|Q~IR IIt|

ACC UMUt Al'T HAND /

Figure 2-15. Hydropneumatic equilibrator.
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Section III. RECOIL MECHANISMS

2-5. Definition of Recoil avoiding violent shock to, or movement of, the
Recoil is the rearward movement of the tube and carriage, and to return the recoiling parts to the

connecting parts after the weapon has been fired. in-battery position with a minimum of shock. It
It is caused by the reaction of the tube to the must also hold the recoiling parts in battery until
forward motion of the projectile as the projectile is the weapon is fired again. The four functions of the
driven through the tube by the expanding recoil mechanism are to-
propellant gases of the powder charge. Recoil a. Stop the recoiling parts.
follows Newton's law of motion, which states, in
effect, that for every action there is an equal and b. Return the recoiling parts to the firing
opposite reaction. position; that is, to the in-battery position.

c. Perform the actions in a and b above without
2-6. History of the Development of excessive shock to the carriage.Recoil Mechanisms.eceaiescanns, pd. Hold the tube ad recoiling parts in the firinga. The earliest cannons, prior to the year 1350, position throughout all angles of elevation.
were positioned on mounds of dirt cr blocks of
wood. When a cannon was fired, quite a 2-8. Major Systems of a Recoil Mechanism
disturbance was created around the weapon A recoil mechanism is composed of three major
position. When the smoke cleared, the cannoneers systems-a recoil system, which provides the
began a search to the rear for their weapon. When stopping action by limiting the length of recoil and
they found the weapon, they attached tow ropes stopping the recoiling parts; a counterrecoil
and dragged it back to its in-battery position; system, which returns the recoiling parts to the
hence, the term "in-battery," meaning the normal in-battery position and holds them in that
firing position. position until the weapon is fired again; and a

b. In 1350 the Venetians put their cannons on counterrecoil buffering system, which diminishes
'wheeled mounts. This did not help to check recoil; the shock of the recoiling parts as they return to
however, it did make it easier for the cannoneers to the in-battery position.
move the weapon back to battery, and it improved 2-9. Type of Recoil Mechanism
the mobility of the weapon.

a. The basic type of recoil mechanism used on
c. The French introduced the first efficient recoil current field artillery weapons is the

mechanism in 1897, in the famous "French 75." hydropneumatic mechanism (fig 2-16). "Hydro"
The weapon used the hydropneumatic liquid and indicates that the mechanism employs a liquid;
gas principle of checking recoil and returning the the liquid used is recoil oil. Recoil oil is a
tube to battery. Recoil was checked primarily by petroleum-base hydraulic fluid. "Pneumatic"
the throttling of oil, and the tube was returned to indicates that a gas is used. The gas used in these
battery by the energy of the compressed gas. recoil mechanisms is nitrogen gas. When the

d. Development of artillery cannons has always weapon is fired, the recoil movement of the weapon
been directed toward improving accuracy and is controlled by the flow of the recoil oil through
increasing the rate of fire. With the primitive certain throttling devices of the recoil syetem, the
carriages used until approximately 110 years ago, compression of the nitrogen gas in the recuperator
firing a shot caused the entire gun and mount to cylinder, and the friction of the moving parts of the
jump violently. It was then necessary for the weapon. After the force of recoil has been absorbed
guncrew to return the weapon to its original aim by these three actions (throttling of the oil,
before firing the next shot. With the use of the compression of the nitrogengas, and friction of the
hydropneumatic recoil mechanism, the gun tube moving parts), recoil action ceases. The energy of
slides along the mount and then returns to its the compressed nitrogen gas then causes the
in-battery position without excessive shock or counterrecoil system of the weapon to move the
movement. The gun remains pointed in its original tube back to the in-battery position.
direction and can be reloaded and fired much more b. Recoil mechanisms of today are identified as
rapidly. being of the constant, variable, and dependent, or
2-7. Purpose of a Recoil Mechanism variable and independent type.

(1) Constant. A constant recoil mechanism
The primary purpose of a recoil mechanism is to has no mechanical means of changing the length

eliminate weight and at the same time retain of recoil. The tube recoils approximately the same
stability. It also minimizes the requirement for distance at all elevations when fired under similar
ruggedness. A recoil mechanism is designed to circumstances; that is, same powder charge, same
absorb the energy of recoil gradually, thus atmospheric temperature and so forth.

2.7
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FLOATIG the recoil and counterrecoil systems (fig 2-16). The
Poil flows from one cylinder to the other through the

MTRO"EN GA connection. Thus, the oil is common to both
systems (recoil and counterrecoil), and each

COLNTERRECOLRECUPERAONJ system is dependent on the other for its operation.
CY~LINDER LIOEThso

C--CTIOi- PISTON RO This type of recoil mechanism is used on the light
CONNECTED TO
THE CRADLE field artillery weapons.

_ _ _ _ _ __I__________ (4) Independent. A recoil mechanism is
independent if there is no liquid connection

RECOIL RECOL PISTON ROO between the recoil and counterrecoil systems (fig
ICSTOI 2-18). The oil in one cylinder does not affect the

RECOIL CYLIDER operation of the oil in the other cylinder because

each system is independent of the other for its
Figure 2-16. Dependen! hydropneumatic function. This type of recoil mechanism is used on

recoil mechanism. medium and heavy field artillery weapons.

2-10. Functioning of a Hydropneumatic
(2) Variable. A variable recoil mechanism has Dependent Recoil Mechanism

a mechanical means of changing the length of a. Action in recoil. When the howitzer is fired,
recoil. This change is accomplished automatically the force of the expanding gas propels the
by the variable cam assembly (fig 2-17) as the tube projectile out of the bore. This same force also
is elevated or depressed. This type of action allows reacts against the breechblock and forces the
the tube to recoil over a longer length at low angles recoiling parts rearward, except for the recoil
of elevation but reduces the length at higher piston in the recoil cylinder. The piston is held
elevations without creating unnecessary from recoiling by the piston rod, which is secured
displacement of the carriage. Thus, we have a to the front of the cradle by the piston rod nut (fig
much more reliable and stable firing platform 2-19). As the sleigh moves back in recoil, the recoil
from which to fire at all angles of elevation, oil in the recoil cylinder is forced through the oil

(3) Dependent. A recoil mechanism is orifices into the regulator body of the recuperator
dependent if there is a liquid connection between cylinder. The regulator body contains a one-way

• "THROTLO,G AM GEAR UK"fW

VARIABLE RECOIL. CONNECTING ROO CVLINaR OKCE

!AIA VAWOIi

VARIAL RCOIL CAM SHAFTI

ceto "M
Figure 2-17. Variable recoil cam--assembled and phantom views.
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FLOATING PISTON (1) The throttling of the recoil oil.
IGA(2) The compression of the nitrogen gas.
ECLPERA TO CYLIMt (3) The friction of the moving parts.

COTECOL CYLNOEON RODS b. Action is counterrecoil. When the recoiling
CONNECTED TO

RECOIL PISTON TE BREECH LUGS parts are brought to rest at the end of recoil, the
CISunbalanced force of the greatly compressed

__ nitrogen gas forces the floating piston and
RECOIL PISTON ROD diaphragm forward, pushing the recoil oil back

NECOL CYLNOR through the regulator into the recoil cylinder
against the back of the recoil piston, and thereby

REPLENISHER returning the recoiling parts to battery.

Figure 2-18. Independent hydropneumatic Note. The recoiling parts are returned to battery

recoil mechanism. without shock by the counterrecoil buffer.

2-11. Functioning of a Hydropneumatic
valve and a throttling opening through which the Independent Recoil Mechanism-
oil passes and where it acts upon the floating Recoil Cycle
piston diaphragm in the recuperator cylinder, a. Recoil cylinder. When the weapon is fired, the
forcing it to the rear and further compressing the tube recoils in or on the cradle. Since the hollow
nitrogen behind the floating piston. As the piston rod (piston and liner assembly) is connected
floating piston moves to the rear, a control rod, to a lug on the bottom of the breech ring, it is drawn
which is fastened to the diaphragm, is drawn to the rear with the tube. As the recoil piston is
through the throttling orifice. The area through drawn to the rear, oil is forced through two ports in
which oil can flow is then gradually reduced to a the recoil piston and through the throttling
point at which the remaining energy of recoil is grooves to the forward side of the piston (fig 2-20).
unable to force the oil to the rear. At that time, As the oil passes through the tapered throttling
since the resistance is equal to the force, further grooves, the flow of oil from the rearward side to
motion is impossible and the recoiling parts are the forward side of the piston is gradually reduced
brought to rest. Thus, we can say that the energy of and finally stopped. This throttling action absorbs
the recoiling parts is dissipated by- most of the recoil energy.

igwv 2-19. Hydropneumatic dependent recoil mechanism.
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MOVEMENT OF REGULATOR VALVE

FLOATING PISTON PORTS OEN

o0 (
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1 1311 COUNTERRECOIL 16 MOVEMENT 3 7
24eSYSTEM 15 OF ROD

n 19

n MOVEMENT

RECOIL PISTON RECOIL SYSTEM ORD F94

1 -Recuperator charging valve 13-Replenisher oil filling valve plug
2-Recuperator cylinder 14-Oil reserve in replenisher
3-Recuperator floating piston 15-Recoil throttling rod
4-Recuperator cylinder regulator valve 16-Recoil rod stuffing box head
5-Oil index 17-Buffer chamber in bore of recoil piston rod and liner
6-Recuperator cylinder filling valve assembly
7-Counterrecoil rod stuffing box head 1 8-Recoil throttling rod
8-Counterrecoil and recuperator cylinder 19-Recoil cylinder

head stuffing box 20-Variable recoil cam shaft
9-Counterrecoil cylinder 21-Recoil piston and liner assembly

10-Counterrecoil piston rod 22-Variable recoil cam
11 -Counterrecoil piston assembly 23-Gear sectors
12-Counterrecoil cylinder respirator assembly 24-Throttling rod packing head

Agure 2-20. Hydropneumatic independent recoil mechanism during recoil action.

b. Counterrecoil and recuperator cylinders, a. Counterrecoil and recuperator cylinders.
When the weapon is fired, the counterrecoil piston, After the tube has stopped at the end of the recoil
being connected to the top of the breech ring, cycle, the counterrecoil system takes over to return
moves rearward with the tube. The oil in the the tube back to the in-battery position as
counterrecoil cylinder is forced through an oil follows-
passage and into the recuperator regulator valve (1) The flow of recoil oil stops, and the
assembly by the counterrecoil piston'. The-flow of spring-loaded valve in the regulator valve
oil under pressure opens a spring-loaded valve in assembly closes itself. In the head of the
the regulator assembly, permitting a free flow of recuperator regulator valve are two small
oil against the floating piston. The floating piston counterrecoil controlling ports (fig 2-21), each of
moves forward, compressing the nitrogen gas. which is about 1/16-inch in diameter. These ports
Thus, the throttling of oil in the recoil cylinder, the control the flow of recoil oil back through the
increased compression of the nitrogen gas in the regulator valve assembly and into the
recuperator cylinder, and the friction of moving couterrecoil cylinder.
parts stop the tube in recoil.cuteroicynd. (2) Since the floating piston is free to move,
2-12. Functioning of a H,/dropneumatlc the energy stored in the nitrogen gas reacts to

Indepndent Recoil Mechanim- displace the floating piston to its normal
Counterreco l Cycle in-battery position. As the floating piston moves
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AEGUILATOR VALVE
MOE TENI OF PORTS IIO

COUNTERRECOIL SYSTEM

MOVEMENT OF THE MF NOVD
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RECOIL SYSTEM LINER ASSEMBLY OtDF9063

Figure 2-21. Hydropneumatic independent recoil mechanism during counterrecoil action.

toward its in-battery position, it displaces the oil angles of elevation, all the throttling grooves, or
from the recuperator cylinder through two small orifices, are open so that the barrel and breech
controlling ports in the regulator valve into the assembly is allowed to recoil over a long distance,
counterrecoil cylinder. The oil exerts pressure on providing less shock to the carriage. As the
the rear of the counterecoil piston, moving the weapon is elevated to higher angles of elevation,
counterrecoil piston forward and thereby pulling the length of recoil is shortened so that the barrel
the tube to the in-battery position. and breech assembly will not strike the ground

and the force of recoil can be absorbed more
b. Recoil cylinder. As the counterrecoil piston directly by the carriage and the ground. A typicalrod pulls the tube into battery, the recoil oil in front variable cam assembly is shown in figure 2-17 and

of the recoil piston flows through two ports in the vaied in pirs 2-17low.

piston and the exposed throttling grooves in the explained in para a below.

recoil throttling rod. Little throttling action occurs a. Functioning of a variable cam assembly. An
at this time in the recoil cylinder as compared to arc gear sector is mounted on the forward end of
that in the recuperator cylinder; however, as the the throttling rod. This gear sector is meshed with
tube nears the in-battery position, it is slowed a similar gear sector mounted on the end of the
down and eased into battery by the spearhead- variable recoil cam assembly. The tubular cam is
type buffer. The oil trapped in the buffer chamber machined with a spiral, or S-shaped, slot. A cam
must escape through the centrally bored rotatable pin, mounted on the camshaft, rides in the spiral
throttling rod. Thus, the final movement of the slot. The shaft is connected to the top carriage by
tube is cushioned as the tube returns to battery. the variable recoil connecting rod. As the tube is

2-13. Types of Hydropneumatic Independent elevated or depressed, the connecting rod moves
Variable Recoil Mechanisms and the shaft either forward or rearward, causing the
Their Components cam pin on the shaft to turn the cam and its gear

sector, which in turn rotates th gear sector on the
All current medium and heavy field artillery rotatable throttling rod. The turning of the

cannons use the hydropneumatic independent throttling rod regulates the opening of the oil
recoil mechanism. In addition, all hydropneu- passages in the throttling rod located in the recoil
matic independent rT coil mechanisms are of the cylinder, thereby changing the length of recoil
variable type, in which a variable cam assembly automatically as the tube is elevated or depressed.
automatically changes the throttling grooves, or
orifices, which control the flow of oil, thus b. Recoil and counterrecoil actions. All
lengthening or shortening the length of recoil, hydropneumatic independent variable recoil
depending on the angle of elevation at which the mechanisms function basically as described in
weapon is fired. When the weapon is fired at low this handbook. However, there are some minor
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differences, which will become apparent as you a. Maintenance prior to firing.
work with each individual weapon. For example,
the recoil mechanism of the 155-mm M109 (1) To maintain the slides-
(M109A1) has no counterrecoil cylinder, as such, (a) Clean and lubricate the external bearing
but has two variable recoil cylinders, a surfaces.
replenisher, and a recuperator cylinder to perform (b) If the weapon has not been fired
the same functions of the recoil mechanism. In recently, retract the tube and clean and lubricate
addition, the M109 (M109A1) has a muzzle brake the slides. (Check the lubrication order for the
on the end of the tube to help absorb some of the M102 weapon as an exception to this statement.)
force of recoil and shorten the length of recoil when
the weapon is fired. (c) Insure that any burrs or nicks are

c. Replenisher. Only the hydropneumatic depressed by support personnel.

independent variable recoil mechanisms use a Note. Some of the later model weapons have
replenisher, the dependent recoil mechanisms do plastic strips on the slides or gunways that do not
not. The replenisher is a small cylinder containing need to be lubricated; therefore, always check the
a spring-loaded piston. The replenisher is latest lubrication order for the specific weapon and
connected to the recoil cylinder (or cylinders on comply with the current instructions.
certain weapons); it is not connected to the
recuperator or to the counterrecoil cylinder. The (2) To service the oil in the recoil
purpose of the replenisher is to maintain the mechanism-e
proper amount of recoil oil in the recoil cylinder
under pressure at all times. The replenisher (a) Add recoil oil, as necessary.
compensates for the contraction and expansion of (b) Drain excess oil, as necessary.
oil due to temperature changes and for changes in
the volume of oil required in the recoil cylinder (3) Check the recoil mechanism to insure that
during recoil and counterrecoil. The replenisher it is properly connected to the tube, sleigh, or
also provides a means of checking the quantity of cradle.
oil in the recoil system. On newer models of the (4) Exercise the recoil mechanism every 6
M109/M109A1 howitzers, the replenisher has an months if the weapon is not fired.
accumulator and a pressure gage. The
accumulator contains an acorn-shaped bladder, b. Recoil oil. Recoil oil is a petroleum-base
which is charged with nitrogen gas (by support hydraulic fluid. There are presently three types of
maintenance personnel) to keep pressure on the recoil oil (OHT, OHA, and OHO) authorized for use
oil. in field artillery weapons. OHT is the preferred oil

d. Counterrecoil buffer system. The because it provides greater protection against
counterrecoil buffer system controls the last few corrosion. The oils can be mixed; however, mixing
inches of the final movement of the recoiling parts should be avoided if possible because mixing may
as they return to the in-battery position, thus tend to dilute the protection additives of one or
preventing shock to the carriage as the tube more of the oils. A recoil mechanism that contains
returns to battery. A typical arrangement is a a mixture of oils should be drained and refilled
cone-shaped buffer chamber working in with the preferred OHT as soon as it becomes
conjunction with a tapered rod (fig 2-21). As the available. All three oils are red in color and have a
counterrecoil action nears its completion, the temperature range of operation from -65O F to
tapered rod enters the buffer chamber and +1500 F.
displaces the oil. As the rod moves farther into the
chamber, the clearance between the two becomes c. Care of recoil oil. To properly care for recoil
less and less as the oil is metered, or buffed. This oil-
action causes the counterrecoiling parts to return (1) Be certain that the oil is free of water.
to rest without slamming and without shock to the
carriage. (2) Be sure that the oil is clean.

(3) Purge all lines and connections when
2-14. Maintenance of a Recoil Mechanism filling cylinders.

Maintenance of a recoil mechanism is limited (4) Store the oil in clearly marked containers
generally to external cleaning, lubricating, apart from lubricating oils.
replenishing the reserve oil, and exercising the
recoil mechanism on nonfiring weapons. (5) Destroy the container when it is empty.

2-12



Section IV. BARREL AND BREECH ASSEMBLY

2-15. General (2) Stressing. During the sequence of
One of the major assemblies of an artillery machining steps, the tube is permanently

cannon is the barrel and breech assembly. prestressed by a process known as autofrettage.
Artillerymen must understand the functioning There are two types of autofrettage being used
and required maintenance of the barrel and breech today: light and medium cannon tubes are swaged
in order to keep their weapons firing, open by swage autofrettage ((a) below and fig

2-22); heavy cannon tubes are hydraulically2-16. History prestressed ((b) below).

a. In the pregunpowder period, man tried to (a) Swage autofrettage. In the swage
increase the range of his weapons by using various autofrettage process (light and medium cannon
types of catapults and ballistae. These devices tubes), an oversize tungsten carbide slug ( D fig
were nothing more than great slings used to hurl 2-22) is pushed through the bore and physically
stones and other large, heavy objects considerable deforms the material by a predetermined amount.
distances. When the slug is removed, the bore is in a state of

b. The development of cannon preceded that of residual compressive stress, a desirable condition
small arms by about 50 years. The first firearms for resisting the pressure generated during firing.
were large, heavy, and inefficient and were not This process of prestressing increases the strength
capable of being carried by an individual soldier. of the tube without markedly reducing the overall
The tube of a gun was made of wooden staves toughness of the steel and thus increases the
bound together with hoops of iron; hence, the name fatigue life of the tube.
"barrel." (b) Prestress autofrettage. In the prestress

c. Later, the smoothbore weapons (in which iron autofrettage process (heavy cannon tubes), the
and bronze were used for cast tubes) were ends of the tube are hydraulically sealed and the
improved and some of the first attempts were made cannon tube is lowered into a large cylinder, where
to obtain mobility, controlled hydraulic pressure is added to the

interior of the tube until such time as the moleculesd. A period of transition followed (from about of steel immediately surrounding the bore are set.
1845 to 1885), during which breech loading and Like the process described in (a) above, this
rifling were tried and accepted. process of prestressing increases the strength of

e. The development of cannon artillery over the the tube without markedly reducing the overall
ages and down to the modern period has resulted toughness of the steel and thus increases the
in the field artillery tube as it is today. fatigue life of the tube.

(1) Construction. Today's tube is made from 2-17. Types of Barrel and Breech Assemblies
an alloy steel ingot, which is poured and then The barrel and breech assembly of an artillery
hot-forged into a cylindrical shape by means of a
high-pressure press. A hole is bored through the cannon (fig 2-23) is composed of a tube, a breech
center, the outer surface is rough-turned, and the ring, a breech mechanism, and, in some cases,
barrel is machined. The inside of the barrel is hoops, jackets, or liners. Basically, there are twomachined with a bore guidance system, which types of barrel and breech assemblies used oninsures the straightness of the tube within 0.005 current artillery cannons-the assembly in whichinch throughout its entire length semifixed ammunition (ammunition with a

cartridge case) is fired and the assembly in which
separate-loading ammunition (ammunition
without a cartridge case) is fired.

©a. The barrel assembly of a cannon that fires
semifixed ammunition is composed of six interior

A ocomponents ((1) through (6) below). In this
assembly, the cartridge case provides rearwardo obturation (prevents the propelling gases from- escaping to the rear).

A Diameter of the bore before prestressing. (1) The breech recess is the space in the
fB r-)iameter of the b.re after prestressing. interior of the breech ring at the rear of the barrelC Stress attion on the finished b'ore,D unsten carbide slug assembly. It receives the breechblock, which

affords a means of mechanically opening and

( Figure 2-22. Cross section of the tube during closing the rear of the barrel to permit loading the
manufacture. weapon.
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(2) The powder chamber in that portion of the the obturator assembly of the breechblock,

tube that houses the propelling charge. provides the rearward seal (rearward obturation).
(3) The centering slope is the tapered forward

portion of the powder chamber. It causes the Note. Obturation is the sealing process that
projectile to center itself in the main bore. prevents the escape of propelling gases from the

tube during firing. Forward obturation in all cases(4) The forcing cone is the rear portion of the is obtained by the rotating band on the projectile
main bore formed by tapered lands (raised conforming to the lands and grooves of the tube,
portions of the rifling). It allows the rotating band thus preventing gases from escaping around the
of the projectile to be engaged gradually by the projectile. Rearward obturation is described in
rifling. paragraph 19.

(5) The main bore is the rifled portion of the
interior of the tube. 2-18. Brechblock

(6) The counterbore is that portion of the
muzzle end of the tube from which the lands have a. The breechblock is that component of the
been removed. The purpose of the counterboreis to breech mechanism that permits loading the
relieve stress when the weapon is fired and thus weapon from the rear. The breechblock requires
prevent the tube from cracking, the same maintenance as that required for the tube

(para 23). The type of breechblocks used are the
b. The barrel assembly of a cannon that fires sliding-wedge breechblock and the interrupted-

separate-loading ammunition has the six screw breechblock.
components listed in a(1) through (6) above and, in
addition, has a gas-check seat, for a total of seven (1) Sliding-wedge breechblock. The
components. The gas-check seat is the tapered sliding-wedge breechblock (fig 2-24) is used on
portion of the tube at the rear end of the powder weapons that fire semifixed ammunition. The
chamber. The gas-check seat. in conjunction with breechblock slides into a rectangular recess in the

breechring to open and close the breech. This
GSCHECK SEAT AP e USGSEPARATE-LOAONG AMR1T1 breechblock does not form a gastight seal

(PO.ou ACAR (rearward obturation) when it is closed; however, itWll'ECl ORCING CDR MAINt DORE (WIFUNlG)
REC II •4 r • does keep the cartridge case blocked in the powder

R4 chamber so that rearward obturation is obtained
by the expansion of the cartridge case against the
walls of the powder chamber when the weapon is
fired.

Figure 2-23. Interior components of a barrel and
breech assembly.

" ws U mI5WTA44"mss SA ".

f,.ure 2-24. Sdng wQe brmchblock.
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Figure 2-25. Stepped-thread, interrupted-screw breechblock.
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Figure 2-26. Obturmtor assembly. Q Under gas pressure.
Note: Clearances are exaggerated for

Purposes of illustration.
(2) Interrupted-screw breechblock. The

interrupted-screw breechblock (fig 2-25) is used on Figure 2-27. Obturator.
the weapons that fire separate-loading
ammunition; that is, ammunition without a and spindle, two split rings, an inner ring, a
cartridge case. There are two variations in use- gas-check pad, and a gas-check pad disk. When
the interrupted-screw breechblock without steps the breechblock is dosed, the mushroom head
in the threads, which is semiautomatic, and the protrudes into the powder chamber, aining the
stepped-thread, interrupted-screw breechblock, split rings and gas-check pad with the gas-check
which holds it in the completely opened position to seat. Rearward obturation is accomplished by the
facilitate loading and which also helps to awing it compression of the split rings and gas-check pad
to the closed position as the cannoneer operates being forced against the gas-check seat by the
the breechblock operating handle. The forward movement of the breechblock as it rotates
soamiautomatic interrupted-screw breechblock is about the obturator spindle and is pulled forward
held in the open position by an operating cam by the thread segments. When the weapon is fired,
lever, and when the cannoneer raises the lever, the the pressure from the gases forces the mushroom
breechblock clooing springs cause the broechblock head slightly to the rear against the front of the
to close automatically. breschblock. This action further compresses the

b. The interrupted-screw breechblock and the gas-check pad, which expands radially and forces
stepped-thread, interrupted-screw breechblock the two split rings firmly against the gas-check
(a(2) above) each has an obturator assembly (fig seat, thus preventing the gas from escaping (fig
2-26). This asssmbly consists of a mushroom head 2-27).
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2-19. Firing Mechanism (1) When a weapon is fired and the projectile
The firing mechanism is a device located on or in has passed the evacuator valves, located some

the breech mechanism of a weapon to ignite the distance to the rear of the muzzle, some of the
primer. Thie following types of firing mechanisms propellant gases flow into the evacuator chamber
are used: (2) fig 2-29) creating a high pressure in the

a. Inertia percussion mechanism. The inertia chamber. This action continues until the projectile
pecusinfiring mechanism is used on weapons leaves the muzzle, at which time the gases in the

that have a vertical sliding-wedge breechblock br r udnyrlae.We h rsuei
and fire semifixed ammunition. This firing the bore drops, the gases flow from the evacuator
mechanism is characterized by a heavy firing pin chamber through the evacuator valves into the
and guide assembly, which moves forward by bor M i 2-29).
inertia to strike the primer after the action of the (2) As the gases flow through the valves at aIfiring pin spring has stopped. The firing pin and high velocity, they tend to draw gases from the
guide assembly is retracted by a separate rear portion of the bore. While gases are escaping
retracting spring. The mechanism cocks when the from the evacuator chamber into the bore, the
breechblock is opened and remains cocked during breech is opened, allowing air and g~sto flow
loading and closing of the breechblock. It is fired through the bore and out the muzzle (4) , fig 2-29).
by pulling a lanyard on the M102 howitzer. The breech must be opened before allf te gases

b. Firing lock M13 mechanism (continuous have escaped from the evacuator chamber;
pull). The firing lock M13 mechanism is used on therefore, an evacuator can be used only on aIweapons that have horizontal sliding-wedge weapon equipped with a semiautomatic breech
breechblocks and that fire semifixed ammunition. mechanism.
The complete operation of the firing mechanism is b. Muzzle brake. A muzzle brake (fig 2-28) is a
effected by one continuous pull of the lanyard, and device that is mounted on the muzzle of a cannon.
its safety feature is that it is not cocked until the It has a centrally bored hole, through which the
instant before firing. projectile passes, and one or more baffles. The

c. Firing mechanism M1 (percussion hammer). primary purpose of a muzzle brake is to retard the
The 155-mm towed howitzer Ml114A 1 fires force of recoil. As the projectile leaves the muzzle,
separate-loading ammunition and is equipped the high-velocity gases following the projectile
with firing mechanism M1 and the percussion through the tube strike the baffles of the muzzle
hammer. The firing mechanism with primer is brake and are deflected toward the rear and sides
screwed into the breechblock by the cannoneer into the atmosphere. The gases exert a forward
when the weapon is loaded and ready to fire. The force on the baffles; this force partially counteracts
hammer is attached to the breechblock carrier, the force of recoil, thereby reducing the force of

When the lanyard is pulled, the hammer strikes recoil.
the firing pin, which in turn strikes the primer, 2-21. Barrel Measurement, Definitions,
causing the weapon to fire. and Classifications

d. Firing mechanism M35 (continuous pull). a. The caliber of a tube is the dismeter of the
The firing mechanism M35 is used on all bore measured at the muzzle between opposite
self-propelled field artillery weapons that fire lands. The caliber length of a tube is the distance
separate-loading ammunition. The M35 firing from the muzzle to the face of the breech recess and

mechanismn uses a cartridge-type primer, which is is expressed in calibers. For example, the barrel of
ejected from the mechanism automatically when the 8-inch howitzer is 25 times as long as the
the breech mechanism is opened. The complete diameter of its bore; therefore, it is 25 calibers long.operation of the firing mechanism is activated by

firng, ndit sfey eatreistht t s otcoked the surface of the bore and the raised portions
until the instant before firing, ewe h grooves, known as lands. The rifling

iprsrotation to the projectile about its
22.AxlayDevices logtdnlaxis, thereby inraigisstability

a. Chmberevacuators. Chamber evacuators in flight. The soft rotating band of the projectile is
(fi 228 ar uedincombat vehicles to remove the forced to assume the contour of the rifling as the

proelantgaesfrom the bore after the weapon projectile moves forward; thus, rotation is
has benfrd hspreventing contamination of imparted to the projectile.
the fighting compartment. The chamber (1) In most cases, the rifling in the field
evacuator, which fits over the cannon tube, forces artillery weapons of today has a uniform
the gases to flow outward through the bore. Part of right-hand twist. This means that the direction of
the gases flow through valves, which may be the twist forward from the breech is clockwise. The
inserts in the evacuator or orifices in the tube itself. twist is uniform throughout the bore, usually one -

The evacuator functions as follows: turn in about 20 to 25 calibers.
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BREECH MECHANISM CANNON TUBE CHAMBER EVACUATOR MUZZLE BRAKE

_ _ _ _ _ 272.12" OVERALL LENGTH _(LENGTH OF TUBE 238.06")

Figure 2-28. Cannon, 155-mm M185 chamber evacuator, muzzle brake.

c. Cannon artillery weapons are classified
according to their trajectory, range, and muzzle
velocity. The muzzle velocity is the speed of the

EVACUATOR CHAMBER projectile as it leaves the muzzle; it varies with the
type of weapon and with the type and quantity of
propellant. The general classification data for
typical trajectories are shown in figure 2-30.

GGAS

2-22. Barrel Maintenance
,-Ml AN- GAS No field artillery weapon is of value unless it®-- 0 receives proper care so that it is ready to fire. To

properly care for his weapons, a field artilleryman
must understand the causes of damage to the
weapons and know how to minimize the damage.

Figure 2-29. Bore evacuating principles. Two causes of damage to the tube are corrosion
caused by chemical decomposition of the tube
(rust) and erosion caused by gas wear, gas wash,
and mechanical wearing away.

Type Range Muzzle velocity Trajectory Caliber length a. Corrosion. Corrosion, or rust, is caused by the

Mortar Short LOW High 10 to 20 absorption of moisture from the air by the
Howitzer Medium Medium Medium 20 to 30 hygroscopic primer salts deposited in the tube
Gun Long High Flat Over 30 during firing. These minute salt grains penetrate

the pores in the metal and are covered over by
, ORTAR protective coatings of powder foulings or carbon

during subsequent firing. Gradually, the grains
GUN TARGET work back to the surface of the metal as they

absorb moisture from the air. This process is called
sweating. Rusting and pitting will result unless
prompt action is taken. Slight pitting is not

Figure 2-30. Firing trajectories of field artillery weapons. particularly harmful, but heavy pitting permits
the propelling gases to escape, thereby reducing
the muzzle velocity, increasing the tube wear, and

(2) The rifling in the towed 105-mm howitzer degrading the accuracy of the weapon. Corrosion
M102 has an increasing right-hand twist, can be eliminated by proper cleaning of the tube.increasing from one turn in 35 calibers at the
breech end to one turn in 18 calibers at the muzzle (1) An artillery tube should be cleaned
brehend t one inc d sin 18aimartd t the rouile immediately after firing and for at least 3
end. The increased spin imparted to the projectile consecutive days thereafter or until the sweating
with this type of rifling makes possible greater stops. On the third day after firing, if the weapon is
ranges with increased accuracy. not to be fired within 48 hours, it should be cleaned,
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wiped dry, and coated with oil. A tube should be inireases, the metal becomes more pliable, thereby
cleaned weekly when not being fired. accelerating the rate of erosion. The passage of the

(2) Rifle bore cleaner, the standard cleaner for projectile through the bore results in
field artillery weapons, removes residue more metal-to-metal contact. The rate of wear resulting
easily and 30 percent faster than other agents. It from this contact remains relatively constant. At
acts as a rust inhibitor for a period of 24 to 48 the instant of firing, before the projectile begins its
hours. It is not a lubricant. Rifle bore cleaner will travel through the bore, the propelling gases
evaporate at 1500 F. The tube should be cool escape past the rotating band. The escaping gases
enough to touch before the cleaner is used. Rifle cause wear, known as gas wash, because of their
bore cleaner should never be diluted with water. velocity and extreme heat. Dirt is another cause of

erosion. The rate of erosion is accelerated by the
(3) Cleaning compound, solvent, may be used abrasive action of dirt, sand, and pgrit if allowed to

in lieu of rifle bore cleaner. The solvent is a highly accumulate in the tube or on the projectile. Erosion
penetrating liquid that also provides a temporary cannot be eliminated, but certain firing battery
rust-resistant coating for the cleaned surface. practice. and procedures can be employed during

firing to retard the rate of erosion. Some of these
(4) If rifle bore cleaner or cleaning compound, practice. are described as follows:

solvent, is not available, an authorized substitute
is 1h4-pound of GI soap to a gallon water. Warm or (1) Use the lowest charge that will permit
hot water is preferred. Water alone can be used. In efficient and effective accomplishment of the
freezing weather, alcohol, glycerine, or ethylene mission. Using the lowest charge commensurate
glycol can be added to the cleaning solution to with the mission reduces heat and reduce. the
prevent it from freezing. pressure in the breech with a consequent decreased

(5) The cleaning procedure for eliminating in the amount and velocity of gases escaping past
corrosion is the same for all cleaning solutions the rotating band.
except that the tube must be dried and oiled after
each cleaning with a substitute solution such as in (2) At all times use the lowest rate of fire that
paragraphs (3) and (4) above. First, the tube should will efficiently and effectively accomplish the
be swabbed with the cleaning solution. (If GI soap mission. Using the lowest rate of fire reduces heat.
solution is used, the tube must be rinsed ()Rs epn1 iue ahhuthoroughly to remove the soap because of its ()Rs epn1 iue ahhu
caustic action.) Then the tube should be rinsed and during sustained firing to permit cooling.

*dried thoroughly. After the tube has been cleaned, (4) Swab the tube with cool water during lulls
it should have a uniform dull gray appearance in firing and swab the powder chamber of a
throughout its surface. Next, the tube should be weapon firing separate-loading ammunition after
oiled. If the temperature is above 320 F, oil, each round. Swabbing reduces heat and remove.
lubricating and preservative, medium, should be any dust, grit, or sand that has settled in the tube
used. If the temperature is below 320 F, oil, as a result of firing. Swabbing also remove. some
lubricating and preservative, special, should be of the primer salts, as well as extinguishing any

*used. smoldering pieces of the previous powder bag or
charge that might be left in the powder chamber.

Note. Specific instructions are contained in the (5) Use clean ammunition at all time.. Before
current lubrication order for each weapon. Check it loading, clean the projectile and propellant to
for the latest instructions, remove any dirt and sand. Keep the muzzle and

breech covers in place during travel and wipe the
b. Erosion. Erosion is the mechanical wearing tube dry before firing. Punching a dry rag through

away of the tube. The main causes of erosion are the tube before firing will remove the oil and also
heat and pressure. As the temperature of the metal prove that the bore is clear of any obstructions.
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Section V. NEW WEAPONS

2-23. General artillery family. The M198 is a 155-mm towed

The basic principles of mobility, stability, and howitzer capable of achieving ranges c.f

flexibility are being put to use in the new weapons approximately 30,000 meters when firing the
that have been introduced during the 1970s. Most rocket assisted projectile (RAP) and a new M203
of these weapons are still in the experimental or propelling charge. This weapon has a 6400m rapid
testing stages; however, all of the new weapons are shift float being incorporated on the weapon. It is
now in the hands of the troops. anticipated that the M198 will replace selected

155-mm towed howitzer M114AI or M114A2 in
2-24.. M109A2/A3 Howitzer, Sef-Propelled nondivisional units; also, the M101A1 105-mm

These are the newest versions of the 155-mm towed howitzer of the Marine Corps and most
M109 self-propelled howitzer (fig 2-31). These active Army units.
weapons are currently in the hands of some field
artillery units; the remaining units will receive
them as they become available. This weapon has
basically the same capabilities as the M109A1. -. M110A2 Howitzer, Self-Propelled
The main difference is that they have received a This is the latest version of the 8-inch
total of 19 product improvements (PIPs) or self-propelled howitzer. The most noticeable
modifications that were designed to increase difference between the old and new weapons is the
reliability and maintainability. The primary longer tube and the muzzle break on the newer
difference between the M109A2 and the M109A3is version. The M11OA2 has an increased range
that the M109A2 is a completely new weapon from capability over the old Ml10. As a result of the
the ground up whereas the M109A3 is a retrofit or a longer tube and muzzle break the MI 10A2 can fire
rebuild of existing M109 and M109A1 howitzers. higher zones or charges of propellants than the
2-25. M198 Howitzer, Towed Ml10. The M110A2 has replaced all Ml10sand the

M107 (175-mm guns) in the Army and Marine
This is the newest addition to the cannon Corps.

Figure 2-31. MI09A2/A3 155-mm howitzer, self-propelled,
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Figure 2-32. M198 howitzer, towed.

Section VI. SUMMARY

2-27. Review just read about, and the new powder charges to go

a. The three major components of an artillery with them, are the means whereby the Fieldnare the carriage, the recoil mechanism, Artillery branch is staying abreast of technology
weapon ato make our artillery cannons the best in the world.
and the barrel and breech assembly. You must Thus, our cannoneers will still be able to put steel
have a basic knowledge of the design, purpose,function, and general maintenance of these on the target and to support the ground-gaining
fucmon, ato understand the more complex arms by accurate and timely firepower. The basic
components tfundamentals you have learned in this chapter
functioning of components, which you will study will still be appropriate in the future. Know your
in later classes. weapons, what they will do and what they will not

b. The new and experimental weapons you have do, and know how to take care of them.
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APPENDIX A
SELECTED CHARACTERISTICS OF FIELD ARTILLERY CANNONS

'As indicated by thermal warning device
'Cha 4: I rd/oin for 60 noi. th. I rd/3 rmin thereafter

* amon of 300 rone 3 round.

HSW- -ioIsont.I sliding wedge
VSW- -!:rticl IIong wedge
STLS- -S.'pp.d .,read. interrupted screw
TLS--Thread interrupted screw 1.11

PH--Percussion hammer
CP.-Continuou. pull / 4

°
4

SIP--Spring actuated. inertia percussion T 0 S
tiPC--iHydrop-nuatic constant
HPV- -Hvd opneumatic variable.

HP -HydopeL.-tic
Pneu- -Pneunrmtic4

Caliber and model

MZAI

NA 5.000
SMOAZ CP

105- ho-itzer MI01AI, towed 11, 000 7.500 HSW M13 HPC 3q 42 -891 1.1561 0 Piotle 409 400 19 Split Spring MIZA7S

NA Bill
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105Oh-m hwitzer MI0Z tonowed ':.S00 5000 VSW SIP HPV 30 50 -89 1.333 10 socket c.400 ±. 400 21 BG Son.. MII3AI
0. 400 M

(AZ only) 2.000
MIAI &

Vr-mon howitzer MII4AI. towed MIAI(Mod} PH
l55-mrnhoaitzer MII4AZ. towed IC 600 7.500 STIS MI HPV 41 60 0 IS6 15 Plnt1. 440 418 01 Split Sprin MI A7Q

30.000 1.750
CP 400 400

ISS-mn, ho-it.er MI9 1 towed 4_000_ Ts M3S HPV 50 70 -89 I1.77 10 Pintle (6.400 -ed0 Split PS.u MI37
00 Ring

CP and Veh
IS5-nrn howltzer MI09AI. AZ, A3. SP 1,100 5.000 Ts 3 HPV 24 36 _53 1.333 10 ace 640 t0l0 sp4de HP M117
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SELECTED CHARACTERISTICS OF FIELD ARTILLERY CANNONS- Continued

/ / /0/
i / . Trc

/rhton- -Truc

// , / [04ton- -Truck

/ f He -- Helicopter

J, -' Note.

MI AI M I 6AID M4AI 4,90 19', 7
' ,

1 4'Z I 10 3 2 ton 6-74 0.1014-203.12
id

Xt I 4A IPr.ht

M11AI 1114At MI4A 3.170 2 2 1' W'- " 2 It 1 S/4 ton 9-101 .234.10

4124 MIAI 12.700 24' I' ll 31 4 1 
4

-to 6 mll 9-1025-200-12

MI7
Pi11 M13. %I q 3 t 3133' q2 91i TIM 4 5-to" 9-1025-211-10

9-Z350-303 - IO(AZ)

M14
A  

MII I-AI MIS 53.940 293 10 4 10l 4 -1I SP f, 008 9-2350-217-ION(AI/A3 _

_I___ MI3 MIS 6,SO0 1 10-4 q2l L 2 1.5 0 5 I .Sp 6.Q4 9-2350-304-10
L 39 Arnny-Ft. SIl. 0k1..
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U. S. ARMY *WCXXWS
FIELD ARTILLERY SCHOOL HB-3

Weapons Department Dec 81

Fort Sill, Oklahoma

CHAPTER 3

105-MM HOWITZER MiOIA1, TOWED

Section I. GENERAL

3-1. References weighs 4,980 pounds and fires a 33-pound
TM 9-1015-203-12, FM 6-75, and LO projectile of semifixed ammunition to a maximum

9-1015-203-10. range of 11,000 meters. The prime mover for the
howitzer is the 21/2-ton cargo truck and can be

3-2. Introduction transported by CH-47 helicopters. This chapter
The 105-mm howitzer M101A1 is a light towed describes the nomenclature, operation,

field artillery weapon normally used in direct functioning, adjustment, maintenance,
support of an infantry division. The 105-mm disassembly, and assembly of the major
battalion includes three firing batteries equipped components of the weapon.
with six howitzers each. The M101A1 (fig 3-1)

Figure 3-1. 105-mm howitzer MIOlAL.

*Supersedes HB-3 WCXXWS, Dec 80.
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Section II. CARRIAGE

3-3. Trails
a. Purpose. The trails are used to connect the

weapon and the prime mover for traveling, to .
stabilize the weapon in the firing position, and to
carry the aiming posts, trail handspikes, and the
old wooden style cleaning staff sections.

b. Construction. The trails are constructed of
welded steel, built up and reinforced with T AIL

transoms inside.
c. Parts. The parts of the trails are:

(1) Trail extensions, which connect the trails
to the equalizing mechanism by means of trail
hinge pins (fig 3-2).

(2) Trail locking pins, which lock the trails
when spread to prevent them from closing during 'IOhA, 

firing (fig 3-2). LoGU"N

(3) Trail bumpers, which limit the spread of
each trail to approximately 300 from center, for .
total spread of 600 (fig 3-2).

(4) Cradle traveling lock brackets. See
paragraph 6b(7)(b)2.

(5) The fixed spades, which provide stability
for the weapon during firing (fig 3-3). Figure 3-3. Lunette and drawbar assembly.

(6) The lunette and drawbar assembly, which
allows connection of the weapon to the prime 3-4. Equalizing Mechanism
mover for traveling (fig 3-3 a. Purpose. The equalizing mechanism permits

the weapon to be emplaced in the firing position on
uneven terrain with the four points of contact on
the ground, the two wheels and two spades, in
different planes.

b. Components. The equalizing mechanism
consists of an axle, gib bearings, an equalizing
support, a horizontal pivot pin, and an axle lock
crank assembly.

c. Functioning.

(1) When the weapon is fired, the shock of
firing is transmitted to the horizontal pivot pin
and the two trails. This results in three points of
suspension, even though four points of the weapon
rest on the ground.

(2) When the weapon is emplaced on uneven
terrain, the equalizing support rotates on the
horizontal pivot pin, placing the tilting parts of the
weapon in a firing position within the limits of the
gib bearings 100 (178 mils) (fig 3-2).

d. Axle assembly. The axle assembly is an
I-beam forged construction with a spindle on each
end for mounting hubs. Gib bearings on both sides
maintain alinement with the equalizing
mechanism. Mounted in front on both sides of the /-

Figure 3-2. Parts of the trail, weapon are handcranks (fig 3-4) for axle locks to

3-2

-A.'



lock the equalizing support and axle together
when in the traveling position. The horizontal
pivot pin is mounted in a center bearing (fig 3-4).

e. Support group. The support group is a LATCH AML

built-up, welded tube, the surface of which moves
in the axle gib bearings. The contact between the
screw stops on the axle and the lugs on the support
limits the amount of inclination.

3-5. Cradle
a. Purpose. The cradle- r , CRlADLE LOC9

(1) Supports the sleigh, the recoil mechanism, STU AUMv

and the barrel and breech assembly.

(2) Provides a means of attaching the recoil
piston rod to the carriage.

b. Construction.

(1) The cradle is a U-shaped trough made of
reinforced steel that supports the recoiling parts LIBIT
and moves in elevation with them. The front end is
closed, and the rear end is open.

(2) The recoil piston rod passes through a hole
in the front of the cradle and is held in place by a
piston rod outer locking nut.

(3) The rear end of the cradle is open to allow
the recoiling parts to move rearward.

(4) The recoil sleigh assembly rests and slides Figure 3-5. Cradle lock strut assembly.
on bronze strips attached to the top of the cradle.
The breech ring rests and slides on steel rails. (a) Purpose. The cradle lock strut (fig 3-5)

supports the overhanging weight of the barrel and
(5) T e trunnions, located approximately 38 breech assembly and the recoil mechanism in the

inches from the rear of the cradle, rest in bearings traveling position and thus removes the strainin the top carriage and provide the pivot point for troma eel eaing onanchunsrmove h strain

elevation the elevating mechanism, which wouldelevation. otherwise be subjected to excessive wear.
(6) Cradle lock strut: (b) Construction.

1. The upper end of the cradle lock strut is
mounted to the bottom of the cradle by two plain
bearings and a hinge pin.

2. The cradle lock strut consists of a brace,
a piece, a turnbuckle, and two jamnuts (fig 3-5).

(c) Positions.

1. In the traveling position, the cradle
lock strut is swung down and locked to the center
and bottom of the bottom carriage and is held in
place by the lower strut latch assembly (fig 3-5).

2. In the firing position, the cradle lock
strut is swung upward and locked in place by the
upper strut latch assembly (fig 3-5).

(d) Adjustment.

1. The cradle lock strut can be adjusted, if
it is too long or too short to engage the lower strut
latch when the trails are closed, by loosening the
jamnuts on the strut, turning the turnbuckle until
the proper length is obtained, and retightening the

Figure 3-4. Right- and left-hand axle locks. jamnuts.

3-3



' ;'. 
, , : '

TRAVELING LOCK
, SHAFT PIECE

BRACKET 
p

Figure 3-6. Cradle traveling lock.

2. The cradle lock strut must be adjusted c. Proper adjustment. The handbrakes are in
so that the upper bearing surface of the cradle lock proper adjustment when the levers can be pulled
brace engages the lower strut latch, about halfway down the rack before the brake is

3. The trails must be closed, and the completely set. To verify the adjustment, the
cradle traveling lock must be secured. wheels must be raised and rotated when the

cradl travlinghandbrake is applied.
Note. If the strut is not properly centered

with the trails closed, the traveling lock brackets 3-7. Wheels and Hubs
on the trails should be adjusted. a. Remove and assemble the wheels and hubs as

(7) Cradle traveling lock: described in TM 9-1015-203-12.

(a) Purpose. The cradle traveling lock- b. Adjust the wheel bearings as described in TM
9-1015-203-12.1. Locks the cradle in the center oftraverse for traveling. Note. Maintenance of this component and of all
other components of the 105-mm howitzer

2. Relieves the strain from the elevating M101A1 described in subsequent paragraphs of
and traversing mechanisms. this chapter will include lubrication of the item

(b) Construction. concerned. Lubrication of all components will be
performed in accordance with Lubrication Order

1. The cradle traveling lock (fig 3-6) 9-1015-203-10.
consists of two ball-shaped pieces mounted on the
rear bottom end of the cradle. 3-8. Top Carriage

2. Matching brackets on the trails engage

the ball-shaped pieces when the trails are closed a. Purpose. The top carriage provides flexibility
and hold the cradle in the center of traverse for in traverse and supports the cradle and the
traveling, elevating and traversing mechanisms on the

stationary mount provided by the equalizing3. The cradle traveling lock brackets may support.

be adjusted to tighten the fit and to center the tube

so that the cradle lock strut will operate properly. b. Components. The top carriage consists of
everything that moves in traverse, but not in

3-6. Handbrakes elevation, except the shields, traversing

a. Purpose. The handbrakes hold the weapon in mechanisms, and elevating arcs. The top carriage
position when it is not connected to the prime is locked in the center of traverse by the cradle
mover, traveling lock.

b. Disassembly, adjustment, and assembly. c. Assembly. The vertical pintle pin passes
Disassemble, adjust, and assemble the through the top carriage and support. The cradle
handbrakes as described in TM 9-1015-203-12. pivots on the trunnion bearings at the rear of the
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top carriage. The pintle is the axis for traverse, and (3) One complete turn of the handwheel moves
the trunnions are the axis for elevation, the tube 10 mils.

d. Lubrication. The top carriage is lubricated as c. Components. The elevating mechanism
prescribed by LO 9-1015-203-10. consists of a left elevating handwheel with an
3-9 ., T eselevating cross-shaft, two bevel gears, a flexiblejoint, and a bevel pinion shaft and of a right

The type of traverse is pintle. The pintle is the elevating handwheel with two bevel gears, a
vertical bearing about which the top carriage flexible joint, an elevating wormshaft, an
revolves. elevating worm, an elevation worm wheel, an

a. The total amount of on-carriage traverse is elevating worm wheel shaft, spur pinions, and two
809 mils, 400 mils to the left and 409 mile to the elevating arcs.
right of the center of traverse. (1) The worm and worm wheel make the

b. The amount of traverse, left and right, is elevatin mechanism an irreversible type.
limited by stops on the top carriage contacting the (2) Plain bronze and antifriction roller
equalizing mechanism. bearings are used in the elevating mechanism.

3-10. Traversing Mechanism d. Disassembly and assembly. Only the
elevating handwheel may be removed anda. Purpose. The traversing mechanism allows adjusted as described in TM 9-1015-203-12. The

the tube of the weapon to be moved either left or maximum allowable backlash in the elevating
right in a horizontal plane. handwheel is 1/6 turn.

b. Type. The traversing mechanism on the e. Lubrication. The elevating mechanism is
towed 105-mm howitzer is of the screw-and-nut lubricated as prescribed by the current LO
type. 9-1015-203-10.

(1) Each complete turn of the handwheel 3-12. Equilibratormoves the tube 19 mils. a. Purpose. The equilibrator compensates for(2) The muzzle moves to the right when the the preponderance of the weight toward the muzzle
handwheel is turned to the right, and the muzzle caused by the rear-mounted trunnions and thus
moves to the left when the handwheel is turned to reduces the manual effort required to elevate and
the left. depress the tube.

c. Components. The traversing mechanism b. Type. The equilibrator is an open-spring,
consists of a nut housing bracket, a screw, a shaft, puller-type mechanism that connects the rear end
a handwheel, and a pivot mounting bracket for of the cradle to the top carriage.! screws.

d. Disassembly and assembly. End play in the c. Adjustment.
traversing wormshaft is adjusted by means of a (1) If the tube is hard to elevate and easy to
collar. The collar may be removed and replaced. depress, tighten the adjusting nut on each rod an
The handwheel may be removed, installed, and equal amount by turning it clockwise / turn until
adjusted as described in TM 9-1015-203-12. The the same amount of effort is required to elevate the
allowable backlash in the handwheel is 1/6 turn. tube as to depress the tube.

e. Lubrication. The traversing mechanism is (2) If the tube is easy to elevate and hard to
lubricated as prescribed by the current LO depress, loosen the adjusting nut on each rod an
9-1015-203-10. equal amount by turning it counterclockwise 1/

turn until the same amount of handwheel effort is
3-11. Elevating Mechanism required to depress the tube as to elevate the tube.

a. Purpose. The elevating mechanism allows Note. If the nuts are not adjusted equally, the
the tube to be moved in a vertical plane. rear seat of the spring will bind on the spring rod.

The distance from the end of each guide rod to theb. Type. The elevating mechanism is of the arc adjusting nut should be measured to insure equal
and pinion type. adjustment.

(1) Total elevation is from 0 to 1,156 mils. 3-13. Shields
Elevation is limited by the equilibrator springfront mat contacting the fulcrum. The shields are constructed to protect the crewfrom fragmentation or small-arms fire from the

(2) Total depression is from 0 to -89 mils. front. The shields may be removed by the using
Depression is limited by the stops screwed on the unit, although this is seldom necessary. The sight
bottom of the elevating arcs. box is mounted on the left shield.
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Section III. BARREL AND BREECH ASSEMBLIES

3-14. Barrel Assmbly (8) Rifling-uniform right-hand twist, 1 turn

a. General. The barrel assembly consists of the in 20 calibers.
tube, breech ring, cannon locking ring, and guides. (9) Maximum range-1 1,000 meters.
The barrel is screwed into the breech ring and (10) Rate of fire-sustained is 3 rounds per
secured by the breech ring locking screw. The minute; maximum is 10 rounds per minute for thebarrel is secured to the recoil sleigh by the cannon first 3 minutes.
locking ring, which is locked in place by the
cannon locking ring screw. Two lugs on the breech (11) Weight of barrel assembly-973 pounds.
ring fit into matching notches in the rear yoke of (12) Weight of breech mechanism-91
the recoil sleigh, thus preventing the barrel group pounds.
from rotating inside the sleigh during firing.

b. Construction. Thetubeismadebypouringan d. Tube and breech life. Each round of
alloy steel ingot, which is hot forged into a ammunition fired through a cannon tube causes
cylindrical shape by use of a high-pressure press. wear and erosion of the tube and results in a
A hole is then bored through the center and the change in the dimensions of the bore. The extent of
outside surface is rough-turned and machined, wear for most gun tubes and some howitzer tubes
The inside of the barrel is machined with a bore determines the remaining life of the tube. In
guidance system that insures the straightness of addition to wear and erosion, each round produces
the barrel to within 0.005 inch for the entire length metal fatigue, a process in which heat and
of the tube. The tube is made of high strength steel. expanding gases weaken the metal in the tube and

reduce tube life. The method for determining thec. Characteristics. remaining life for these tubes is to convert rounds

(1) Caliber-lO5-mm, or 4.13 inches between fired to equivalent full charge (EF) rounds and
opposite lands. subtract the EFC rounds fired from the remaining

rounds authorized. The tube and breech life for the
(2) Length-(muzzle to rear face of breech 105-mm howitzers M101 and M101A1 are shown

ring)-101.35 inches. in table 3-1. The information in the table was

(3) Length'of tube-93.05 inches (22.5 cal). extracted from TM 9-1000-202-10and change 1 to

(4) Length of rifling (bore)-78.02 inches. TM 9-1000-202-35.
(1) To convert rounds fired to EFC rounds,(5) Muzzle velocity-472 meters per second multiply the number of rounds fired (by charge) by

(maximum charge), the EFC factor for the charge as shown in table
(6) Maximum chamber pressure-32,000 3-1.

pounds per square inch. (2) Since the condemnation criteria for the
(7) Lands and grooves-36. tube and breech, as listed in table 3-1, is based on

1 WO(S AN AMBE A CNTERING SLOPE
FORCING CONE MAIN BORE IRIFLING, COUNTER-o"I

llos m mine

Figure 3-7. Cross section of 105-mm tube.
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Table 3-1. Condemnation Criteria for Tubes and Breech Assemblies

Condemnation Criteria for Tubes and Breech Assemblies
105-mm Howitzer M101 and M101AI

Cannon tube EFC life of tube EFC factor Breech life

M2A1 5,000 rounds Charge 7 = 1.00 Original, plus 2 tubes
Charge 1-6 = 0.25

M2A2 7,500 rounds Charge 7 = 1.00 Original, plus 2 tubes
_ _ _ ____ Charge 1-6 = 0.25

EFC rounds fired, the charge for each round fired b. The powder chamber is that portion of the
must be entered on the Weapon Record Data Card tube designed to house the propelling charge
(DA Form 2408-4) maintained in the log book for which is contained in the cartridge case.
each weapon. The total rounds fired by charge c. The centering slope is the tapered portion
must be carried forward to the new data card upon forward of the powder chamber that causes the
closeout and submission of the old card to the U.S.
Army Weapons Command on the dates indicated projectile to center itself in the bore during the
in TM 38-750. loading operation.

d. The forcing cone is the rear portion of the
e. Borescoping requirements. main bore formed by tapered lands. The forcing

(1) Since there is no direct correlation between cone allows the rotating band of the projectile to be
wear measurements and metal fatigue, the engaged gradually by the rifling, thus insuring the
requirement to borescope cannon tubes still exists. proper seating of the projectile.
Cracks, material defects, and other damage, e. The main bore incltdes all the portion
although they bear little relation to cannon age or forward of the centering slope; that is, the entire
number of rounds fired, can grow progressively rifled portion of the bore.
worse through continued firing. Therefore, a
cannon tube may be condemned even though the f. The counterbore is that portion of the muzzle

EFC condemnation limit may not have been end of the tube that has been rebored a
reached. predetermined distance to increase the diameter

by removing the lands and grooves from that
(2) As a minimum, insure that technically portion. The purpose ofthe counterbore is to relieve

trained personnel visually inspect cannon tubes stress when the weapon is fired to prevent the end
with a borescope as follows: of the tube from cracking. It does this by allowing

(a) Cannon tubes will be inspected with a the gasses to escape past the rotating band, before
borescope within 90 days prior to the initial firing it reaches the end of the tube.
of the weapon and at 90-day intervals when the
weapon is used for continuous or recurring firing. 3-16. Exterior of the Barrel Assembly

(b) Cannon tubes will be inspected with a a. General.
borescope within 90 days prior to the initial firing (1) The rear end of the barrel is threaded
of the weapon and within 90 days prior to externally so that the breech ring can be screwed
semiannual, annual, or other firing intervals, onto the tube.

(c) At the time of inspection, the (2) The four scribed lines (or dots) on the
maintenance personnel should check to insure the muzzle end of the tube are witness marks for
user is maintaining TAMMS records in alining the croshairs used in boresighting.
accordance with TM 38-750, is accurately b. Cannn locking ring.
recording rounds fired by charge, and is accurately
computing remaining EFC rounds. (1) The cannon locking ring is screwed onto

the tube just in front of the front yoke of the sleigh
3-15. Interior Portion of Barrel and Breech assembly. It attaches the barrel and breech

a. The breech recess is the space at the rear of y to the recoil sleigh assembly.

the barrel assembly formed in the interior of the (2) The threads of the cannon locking ring are
breech ring, which is designed to receive the lubricated with grease, molybdenum disulfide
breechblock, and thereby affords a means of (GMD). This lubricant is an improvement over
mechanically opening and closing the rear of the graphite grease and should be used if available.
assembly for loading and firing the weapon. Both lubricants have heat-resistant qualities.
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c. Seat ring. The seat ring is the bearing surface b. The breech mechanism (fig 3-8) is housed in
directly behind the threads on the tube that receive the breech ring. It is composed principally of a
the cannon locking ring and fits inside the bearing horizontal sliding-wedge breechblock, the
surface in the front yoke of the recoil sleigh breechblock operating lever and lever pivot, and
assembly. It serves the purpose of seating the tube an extractor and also houses the firing lock and
properly in the sleigh assembly. trigger shaft, which are considered components of

d. Fixed ring. The fixed ring is the raised portion the firing mechanism.

just to the rear of the seat ring. It stops the forward c. Two safety features are inherent in a sliding
motion of the tube as it is installed inside the sleigh wedge-type breechblock employing a continuous
assembly and fits snugly behind the front yoke as pull-type firing lock. First, if the breechblock is not
the cannon locking ring fits in front of the front fully closed, the firing pin cannot strike the primer;
yoke. second, the firing lock cannot be actuated if the

tube is more than 3/ inch out of battery, because the
3-17. Brooch Rang trigger shaft cannot be rotated far enough to

a. The breech mechanism allows the breech to actuate the lock.
be opened so that a round of ammunition can be d. Two German silver quadrant seats are
inserted and be closed so that the round can be located on top of the breech ring. These machined
fired. surfaces provide a level plane on which to seat the

b. The breech ring is screwed on the tubp and MIA1 gunner's quadrant. These seats should be
locked in place by a locking screw. Two lugs on the wiped clean and should not be abraded, cut,
bottom of the breech ring prevent the tube from dented, or otherwise damaged. They should
rotating during firing. provide a smooth surface on which to place the

c. There are two bronze slides on the bottom of shoes of the gunner's quadrant.

the breech ring and two quadrant leveling plates e. The breech life of this weapon is three tubes,
on the top. the original tube plus two retubings (see table 3-1).
3-18. Breech Mechanism The number of retubings for each weapon shouldbe stamped on the rear face of the breech ring.

a. The breech mechanism allows the breech to

be opened so that a round of ammunition can be
inserted and to close so that the round can be fired. 3-19. Firing Mechanism and Firing Lock

a. The firing mechanism consists of the

FEEtCHLOCK OPERATING lanyard, firing shaft, bracket, and firing shaft
LEVER PIVOT "I pawl.

(ASSEMBL.Y LINE) b. Firing lock M13 is a continuous-pull-self-
I cocking-type firing lock.

SBREECHIhLOCK OPERATING
LEVER ASSEBY

TRIGGER SHAFT DETENT SPRING R EECHBLOCK CsHEAo 3-20. Operation of the Firing Lock
TRIGGER SHAFT DETENT SPRING BR a. Firing. When the arm of the trigger shaft is

TRIGGER SHAFT DETEN moved to the rear, the shaft is rotated clockwise
, .and its squared end, fitting inside the trigger fork

causes the trigger fork to be rotated forward. As
the trigger fork is rotated forward, it forces the

BUSHIG LOCK firing pin holder sleeve forward which compresses
SCREW the firing spring and at the end of its forward

(ASSEM.Y LIE) )motion depresses the sear. As the sear is depressed,( L BRIEEL it releases the firing pin holder and the compressed
MENT HANDLE--41firing spring drives the firing pin holder and firing
(EL LNE pin forward, and the firing pin strikes the primer.

TRIGE b. Cocking. When the lanyard is released, the
pressure from the trigger fork is no longer exerted
on the firing pin holder. Since the firing spring is
still under partial compression, it continues to
exert pressure and expand. The leverage to the rear

.is greater; therefore, the firing pin holder sleeve
and firing pin holder are forced to the rear and the
sear engages the firing pin holder, and keeps it in

Figure 3-8. Breech mechaniem-componenta. this position until the lanyard is pulled again.
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TRIGGE
SHAFT

IlFIRING

~SR~cH8LOC

BREECHRINOR

1. Lift detent handle and withdraw trigger shaft.

E 2. Turn firing lock 1 /6 turn and remove it from
breechblock.

IRECULOCK
OPE RAIN~G 1LEVER

EBREFCHBLOCK

3. Open breech until assembly line on lever is at edge
of breech ring. Remove operating lever pivot.

4. Pull breechblock to right until the crosshead on
operating lever clears the breech ring. Remove

E T lever.

-Note. New manufacture of breechblock crosshead
will be round design, free fitting without setscrew
(5998391).

5. Push breechblock just far enough to the left to 6. Slide breechblock to extreme right and lift it out of

clear the extractor. Rotate the extractor out of its the breech ring. To install breechblock, reverse

seat and lift it so that the extractor trunnion clears procedure.
its recess in the breech ring. Remove extractor.

Figure 3-9. Diaeasembly and assembly of the breech mechanism.
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3-21. Disassmbly and Assembly of the 3-23. Assembly of the Firing Lock
Breech Mechanism

The roceurefor isasemby an asembl ofa. Screw the firing pin into the firing pin holder,The rocdur fo diasseblyandassmbl of insert the cotter pin, and spread its ends carefullythe breech mechanism is described and illustrated so that they will not rub against the firing case.in figure 3-9. Assemble the firing spring over the holder and the
3-22. Disassembly of the Firing Lock M1 3 sleeve over the spring and holder. Compress the

spring below the top of the T of the holder and keepa. Remove the trigger fork by grasping the it compressed until the T enters the T-slot of thefiring case with the trigger fork down and pressing sleeve. Put the firing pin on a solid surface andthe firing pin against a solid surface. The trigger press downward on the sleeve until the hook of thefork will fall free of the firing lock onto the surface. holder shank hooks into the notch at the rear of the
b. Press the front end of the sear out of firing pin holder sleeve.

engagement with the firing pin holder; at the same b nettesa pigit t eti htime, push the assembled firing pin holder and bttnsert the sari csrin Ineto tse seat in thesleeve forward until they can be grasped and botto (ofk pth firng cse. tnst the sear intg sthepulled from the firing case. Remove the sear and case(frks atfrt ota the sear springsusear spring.enestesaspig
c. To disassemble the firing pin holder and C. Keep the sear pressed down by grasping the

sleeve, grasp the rear end of the firing pin holder fork end with the little finger of the hand holding
sleeve and place the firing pin on a solid surface. the firing case and insert the assembled firing pin
Push the firing pin holder sleeve down to unhook it holder and sleeve into the case with the flat portion
from the holder. Allow the holder to recede out of of the sleeve and the sear notch of the holder
the sleeve, freeing the spring. against the sear so that they will engage the sear.

Hold the sear from slipping backward, withdrawd Remove the cotter pin from the firing pin the finger, and push the holder back until it isholder and unscrew the firing pin. latched by the sear. In order for the sear to engage
Note. In some firing locks, the firing pin and the sear notch of the firing pin holder, the rear of

firing pin bushing are one piece. the sear should be pushed inward.
e. While the firing lock (fig 3-10) is d. Insert the trigger fork into the opeig in the

disassembled, the component parts should be bottom of the case with the side marked MUZZLE
cleaned thoroughly with rifle bore cleaner, wiped FACE toward the front. Push the trigger fork until
dry, inspected, lubricated and reassembled. it snaps into position.

FIRNG PRIG ING FIN "OLOER "Si

FNIN INFRNG FIN HIM A P 111034

Figure 3-10. Firing lock M13-componenta.
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3-24. Maintenance of the Barrel and 2. After each cleaning, by swabbing,
Breech Assemblies rinse the tube thoroughly with clear water, dry it,

a. Lubricants. inspect it, and lubricate it with PLM or PLS.

(2) When rifle bore cleaner is available, the
(1) Grease, molybdenum disulfied (GMD), is weekly maintenance is performed as follows:

used on and under the cannon locking ring.
(2) Oil, lubricating, preservative, medium above.

(PLM), is used on all bearing surfaces in
temperatures above 320 F. (b) Reoil the tube with PLM or PLS.

(3) Oil, lubricating, preservative, special (3) When rifle bore cleaner is not available,
(PLS), is used on all bearing surfaces in the weekly maintenance is performed as follows:
temperatures below 320 F. (a) Clean the tube as described in (1)(b)

b. Cleaning and lubricating the tube. above.

(1) After firing, clean and lubricate the tube as (b) Rinse the tube thoroughly with clear
follows: water and dry and inspect it.

(a) With rifle bore cleaner. (c) Reoil the tube with PLM or PLS.

1. Using rifle bore cleaner (RBC), clean Note. The breech mechanism and the firing
the tube the day of the firing and for 3 consecutive mechanism should be disassembled and cleaned
days thereafter or until sweating stops (a each time the tube is cleaned.
minimum of four cleanings). The tube should be (4) Retract the tube to service the forward
cool enough to touch with the bare hand before you slides.
use rifle bore cleaner, since it evaporates at 1500 Fand ause dak spts.(a) Block the equilibrator with a woodenand causes dark spots, block 3 inches by 3 inches by 12 inches.

2. On the fourth day, if the weapon is not b ) Remve the n locingrnsc

to be fired within 24 hours, clean, dry, and inspect (b) Remove the cannon locking ring screw
the tube and lubricate it with PLM or PLS. and unscrew the cannon locking ring.

3. Rifle bore cleaner is not a lubricant, but (c) Push the tube 2 to 3 feet to the rear.
it will inhibit rust for 24 to 48 hours. (d) Clean and lubricate-

4. Rifle bore cleaner removes residue more 1. The slides that have exposed bearing
easily and 30 percent faster than other solutions, surfaces with PLM or PLS and the grease fittings

with grease, automotive artillery (GAA).

Note. If cleaning compound or solvent is Note. Us crocus cloth to remove rustNote If leaing ompund r slven is from all (unpainted) bearing surfaces.
issued in lieu of RBC, the cleaning procedure is the
same as that described in (a) above. 2. The threads of the cannon locking ring

with GMD.

(b) Without rifle bore cleaner. 3. The fixed seat ring with GAA.
4. The breech recess with PLM or PLS.

1. Swab the tube thoroughly with a

mixture of '-pound of GI or castile soap per gallon (5) Slide the tube to battery and replace the
of hot or warm water. breech mechanism.

Section IV. RECOIL MECHANISM

3-25. Purpose of Recoil Mechanism d. Hold the tube in battery at all angles of

The purpose of the recoil mechanism is to- elevation.
a. Stop the rearward movement of the reroiling 3-26. Type of Recoil Mechanism

parts. The recoil mechanism employed is a

b. Return the recoiling parts to the normal firing hydropneumatic, constant, dependent-type
position, mechanism, employing a floating piston.

c. Accomplish the functions in a and b above a. Hydro means a liquid is used. This liquid is
without shock. one of three petroleum-based hydraulic fluids now
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in the supply system. The hydraulic fluids are throttling orifice during recoil, and controls the oil
commonly known as recoil oil OHA, OHC, or OHT. through the variable depth grooves cut in the walls
Because OHT provides more protection against of the regulator central bore during counterrecoil
corrosion, it is the preferred oil. The mixing of in order to control the buffing action.
these oils is not recommended because this would (3) The recuperator cylinder front head
tend to dilute the additives of one oil not contained asebycnisafligvlemchimn
in the other. A recoil mechanism containing a oiely indexain a ilin cotrlv rod.cheaoilm in
mixture of these oils should be drained and refilled oindaes, whehe therel ise aonto insuffice aont
with the preferred OHT as soon as it becomes ofnoilares ee the repeato yindfcer.amun
available. All three oils are red in color and have a ofilrsventhrcurarcynd.
temperature range from -65* F to +150' F. c. Recoil cylinder.

b. Pneumatic means a gas is used; in this case, (1) The recoil piston and piston rod are
nitrogen gas. The gas, which is installed by stationary in the recoil cylinder and are attached
ordnance personnel, is installed at 1,100 pounds to the cradle by the piston rod outer locking nut.
per square inch at a temperature of 700 F without (2) The pneumatic respirator (fig 3-12), an
oil reserve. Nitrogen is relatively inert, highly adjustable buffer, is located at the rear head of the
compressible, and nonflammable. recoil cylinder. The respirator controls the escape

c. Dependent means there is a liquid connection of air from the rear of the recoil cylinder by means
for the flow of recoil oil between the recoil and of an adjustable orifice. By admitting air freely
recuperator cylinders, during recoil and restricting the escape of air

d. Cnstat mans her is o mchancal during counterrecoil, the respirator provides the
dean Constangmens theeisho mechanica additional buffing action that is sometimes

mean ofchaningthe engh ofrecil.necessary to prevent the howitzer from slamming
e. Floating piston means that a free piston into battery. It has four settings: 0, 1, 2, and 3. To

separates the liquid from the gas in the recuperator set the respirator on 0, turn the respirator valve
cylinder. It forms a movable, liquid tight, gas tight head counterclockwise as far as it will go. To set
seal. the respirator at any other setting, turn the
3-27. Components of the Recoil Mechanism respirator valve head clockwise, one click for a

setting of 1, two clicks for a setting of 2, and three
a. Recoil sleigh assembly. The recoil sleigh clicks for a setting of 3.

assembly supports the recoil mechanism. (a) 0 is the travel setting.

(1) The yokes hold the parts together and (b) 0 or 1 for low-angle firing.
support and secure the tube by means of a locking ()Sta o o-nl n utie
ring. high-angle firing.

(2) The rails slide on the cradle recoil guides to (d) Set at 3 for minimum buffing action.
guide and support the recoiling parts. 3-28. Functioning of the Recoil Mechanism

b. Recuperator cylinder. The recuperator
cylinder houses the nitrogen gas and recoil oil and a. Action in recoil (fig 3-11).
contains a regulator assembly, floating piston (1) When the weapon is fired, the tube, the
assembly, and recuperator cylinder front head sleigh, and the recoil mechanism move to the rear.
assembly. The recoil piston, which remains stationary

(1) The regulator assembly regulates the flow because it is attached to the front end of the cradle,
of oil during recoil and counterrecoil and contains forces oil out of the recoil cylinder, through the
the following: connecting passages in the front yoke of the sleigh,

and into the regulator assembly of the recuperator
(a) The four one-way valves, which are cylinder.

*open during recoil and closed during counterrecoil.(2 eprsueothrcililneigte
(b) he trotlingorifce.regulator assembly opens the four one-way

(c) The oil passages. valves, permitting oil to flow freely. The recoil oil
(2) Me loaingpison asemly ncldesthe passes through the throttling orifice in the

(2)tin pthefoang dipiston, asebl inclued cothel regulator and forces the diaphragm to the rear.
floaingpistn, iapragm an taeredconrol Tb. diaphragm forces the floating piston to the

rod. rear, thus, compressing the nitrogen gas.
(a) The floating piston separates the ()A h iprg smvdt h er h

nitrgengasfro th reoil il nd ove duing tapered control rod is drawn through the throttling
recoil and counterrecoil. orifice, gradually closing it and stopping the flow

(b) The tape red control rod is attached to the of recoil oil, thereby stopping the rearward
diaphragm and controls the flow of oil through the movement of the tub.
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(4) The energy of the recoiling parts is (c) The friction of the moving parts.
dissipated by- b. Action in counterrecoil (fig 3-12).

(a) he hrotlig oftherecil il.(1) The energy of the compressed nitrogen gas
(b) The compression of the nitrogen gas. acts on the floating piston, which forces the oil

RECUPERATOR OILOE

FRONT HEAD AMY PITO ASK1ON AV

Figure -1. Action inunrecoiL
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back into the recoil cylinder. The oil pressing (4) Disconnecting, connecting, and adjusting
against the front face of the recoil piston and the the recoil piston rod outer locking nut.
forward face of the recoil cylinder forces the tube b. Take certain precautions when inserting the
back into the firing position, liquid releasing tool.

(2) Since the four one-way valves of the (1) Check for burred or damaged threads.
regulator assembly are closed, the oil passes (2) Clean the threads of any foreign matter.
through the central bore of the regulator assembly.
As the recoil oil passes the tapered control rod, it is (3) Do not cross thread.
throttled through the variable depth grooves cutin (4) Do not screw the liquid releasing tool in too
the walls of the regulator central bore. This far.
throttling action returns the tube to battery
without shock. This counterrecoil buffer is the c. To fill and purge the oil screw filler-
internal rod and tapered groove type. (1) Remove the handle and head as a unit.

(3) The adjustable respirator (pneumatic-type (2) Pour recoil oil directly into the barrel,
buffer), at the rear end of the recoil cylinder, aids in avoiding air bubbles.
controlling the velocity of counterrecoil; i.e., it
assists the internal rod in the buffing action. (3) Replace the head and tighten.

c. Oil index and oil reserve. (4) Hold the nozzle end up and remove the

(1) The recoil mechanism is designed to boz a rmtenzl ed
operate properly when the correct recoil oil reserve (5) Waitsa minute or two for air bubbles to rise
is forced into the system so as to separate the to the surface.
diaphragm from the regulator assembly. This oil (6) Turn the handle and purge the oil screw
reserve serves as a means of transmitting the filler by turning the handle until no more air
pressure of the nitrogen gas in the recuperator bubbles appear in the oil.
cylinder, through the connecting port and into the
recoil cylinder. The tube is held in battery, at all d. Take certain precautions while inserting the
angles of elevation and during travel, by the oil screw filler.
pressure of the recoil oil acting on the recoil piston. (1) Depress, or elevate the howitzer tube until
The proper amount of oil in the reserve is 6 ounces, it is approximately level.
or approximately 1 / screw fillers. (2) Insure that the filling hole is clean.

(2) The oil index pin gives only two (3) Do not cross-thread the oil screw filler
indications. when inserting it into the filling hole.

(a) A recessed index pin indicates an ()Pretearfo h iln oebfr
insufficient oil reserve. When the amount of (4)htPug the ai sre flrteflig.oebfr
reserve oil is less than prescribed, a rod attached to tgtnn h i ce ilr
the diaphragm moves forward and actuates a rack (5) Maintain an equal pressure on both sides
and pinion mechanism, which causes the index of the handle.
pin to recede into the oil index recess. (6) Avoid any lateral pressure to prevent

(b) When the index pin is flush with the breaking off the threaded nozzle.
front head of the recuperator cylinder, it indicates (7) Use the correct size wrench on the filling
that there is at least the proper amount of reserve plug and the oil screw filler.
oil. Since the index pin can not extend further than
flush, it will not indicate an excessive amount of e. To establish a correct recoil oil reserve-
reserve oil. (1) If the index pin is recessed, replenish the
3-29. Servicing the Recoil Mechanism system until the index pin becomes flush with the

a. Battery maintenance of the recoil mechanism front head of the recuperator cylinder.
is limited to- (2) If the index pin is flush, drain oil from the

(1) Exterior cleaning, painting, and reserve until the index pin begins to recede.
lubricting.Remove the liquid releasing tool and replenish thelubricting.system as indicated in (1) above.

(2) Draining and replenishing the oil reserve. 3-0AdutetoteRcolPsoRd
Note. To drain the oil reserve, use the liquid Outer Nut

releasing tool as indicated in b below. To replenishThprcdefoajutntercilisnrd
the oil reserve, use the oil screw filler as indicatedThprcdefoajutntercilisnrd
in c and d below, outer nut is to scew the recoil piston rod outer nut

onto the recoil piston rod. Tighten the nut jutr
(3) Adjusting the pneumatic respirator. enough to prevent end play and then loosen it one
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castellation. This action will permit the piston rod a. Grease the underside of the right sleigh rail in
to find its natural position without binding or line with the recoil indicator.
causing a leak at the stuffing box, Insert the cotter
pin and bend it over. b. Release the spring-loaded indicator.
3-31. Lubrication of Slides

a. Te side shuldbe ceand ad ispetedc. Measure the length of the mark made in the
a.r Therslie hudb lae n npce grease when the weapon is fired. The

for bffsmeasurement should be from 39 to 42 inches, when
b. The slides should be lubricated as described the maximum charge is fired.

in LO 9-1015-203-10.
3-32. Recoil Indicator Note. If the length of recoil exceeds a maximum

of 44 inches, reestablish the correct oil reserve; if
The purpose of the recoil indicator is to measure trouble persists, notify the direct support unit.

the length of recoil. It is located on the right side of
the cradle behind the elevating arc. The procedure
for determining the length of recoil is as follows: 3-33. Malfunctions-Causes and Corrections

Malfunction Cause Correction
a. The tube returns to battery (1) Excessive oil reserve. (1) Drain and replenish the oil

with shock. reserve.
(2) Improperly adjusted (2) Adjust the respirator.

pneumatic respirator.
(3) Excessive nitrogen (3) Notify the direct support

pressure. unit.

b. The tube returns to battery (1) Insufficient oil reserve. (1) Drain and replenish the
too slowly or fails to return, oil reserve.

(2) Improperly adjusted (2) Adjust the respirator.
pneumatic respirator.

(3) Insufficient nitrogen (3) Notify the direct support
pressure. unit.

c. The tube returns to battery (1) Lack of lubrication on (1) Lubricate the slides.
with a jerky motion. the slides.

(2) Nitrogen or air in the (2) Drain and replenish the
recoil oil, oil reserve. If motion is still

jerky, notify the direct support
unit.

Section V. SIGHTING AND LAYING EQUIPMENT

3-34. Definitions of Common Terms impact or point of burst. The muzzle of the weapon
a. Fire control instruments-Include both on- is placed in the correct firing attitude (position) by

and off-carriage instruments. On-carriage fire applying certain announced horizontal and
control instruments are built in or placed on the vertical angular measurements to the sighting
weapon by the gun crew and are used to lay the and laying equipment and laying the weapon.
weapon in deflection and/or elevation. Such c eil- esrn cl lcdi h
instruments as the panoramic telescope, range fcus ofw - mesuin spt calntue.Soe pelae ihe

* quadrant, elbow telescope, and gunner's quadrant focuions otacalo ntumoet r om k e smhae
are on-carriage equipment. The aiming circle, agauations tatg malloutemoertort ak.ml
battery commander's telescope, and M2 compass agaro ag esrmns
are examples of off-carriage fire control d. Sighting-The process of directing a line of
instruments. sight toward an aiming point.

b. Trajectory-The trajectory is the curve traced
by the center of gravity of the projectile in its flight e. Laying-The process of pointing the tube of a
from the muzzle of the weapon to the point of weapon in a given direction for a given range.
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f. Indirect fire-Fire from a weapon that is laid -Lby sighting on a point other than the target. "JIM"Normally, the target and weapon are not

intervisible.

g. Direct fire-Fire from a weapon that is laid by
sighting directly on the target.

h. Cant-The tilting of the trunnions of the
weapon out of the true horizontal plane. Cant
causes the tube to travel out of the true horizontal
plane in traverse and out of the true vertical plane
in elevation. Cant is always present if the
trunnions of a weapon are not level.

i. Boresighting-Boresighting is the process of .
alining the on-carriage sighting and fire control - M -M
equipment so that the lines of sight of the
telescopes are parallel to the axis of the bore of the
weapon. This is to insure accuracy in laying for
elevation and direction.3-35. Panoramic Telescope M1 2A7S

a. The panoramic telescope M12A7S (fig 3-13) is
a 4-power, fixed-focus, fire control instrument
that may be used for either direct or indirect fire.

Figure 3-14. Deflection change.

ECVAT tWhen used in its most common role of indirect fire,
)ELA 0 it allows the operator to apply a specified change

(00,M ELEV.N It in direction (deflection) to the tube of the weapon
SOF"NC' I,- , O__ ) by changing the line of sight of the telescope the
St A'MH ,' same specified amount and then traversing backon the fixed aiming point (fig 3-14). For example,
( S, A' P ® ( to change the direction of the tube 200 mile to the

SUP"N" Iright, the operator refers the line of sight of the
SCAL E telescope 200 mile to the left of the fixed aiming

LF ,N point and then traverses the tube until the line ofSOEx @.o (sight of the telescope is back on the aiming points.
,AZ1MU111 (The tube is then pointed 200 mils right of its

original direction (fig 3-14). The panoramic
telescope M12A7S has a slipping azimuth scale
and a slipping azimuth micrometer scale, which
allows all weapons of a battery to have a common

NUT M OM% 0 deflection regardless of the position of their fixed
AZIMUTH ' "M T aiming points./ I b. The elevation knob, at the top of the telescope

WOO ) rotating head, raises or lowers the line of sight plusor minus 300 mils when it is rotated throughout its
limits. A fine index and a coarse index indicate the
level position. The operator may adjust the fine
index by loosening the three screws on the top of
the elevation knob and then slipping the collar
containing the 0 index into coincidence with the
fixed index. The coarse index is adjusted by
support unit personnel only. An open sight, on the
right side of the rotating head, is used for rough

. .. alinement with an aiming point. The slipping
azimuth scale, immediately below the rotating
head, consists of a ring graduated into 64 divisions
of 100 mils each and is numbered every 200 mile

Figure 3-13. Panoramic telescope M2A7S. from 0 to 3,200 in two consecutive semicircles. A
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T.I , u LOCING SCREWslipping wcale locking screw enables the operator TANGENT SCREW

to secure or release the slipping azimuth scale from , KNOB

the rotating head. When the scale is released, it LM&IINAA.

may be set at any deflection; but, when it is locked, K CLAMP
its movement is controlled by the azimuth
micrometer knob. The nonslipping azimuth scale,
located below the slipping azimuth scale, can be 'WING

moved only by the azimuth micrometer knob and FKNOS

the motion of the rotating head. A door covers the
nonslipping azimuth scale when it is not in use "
and provides an index for the slipping azimuth M I -
scale. The slipping azimuth micrometer scale on "

the left side of the telescope, is graduated into 100 M ACTUATING

divisions of 1 mil each. A locking nut on the end of ARM
the azimuth micrometer knob enables the operator
to release the slipping micrometer scale, set it at a
desired deflection reading, and lock the scale in
place. A left index (nonslipping) on the micrometer M
end of the azimuth micrometer knob turns with the
micrometer knob. A right fixed index on the
telescope body does not move. At the time of the
modification of the telescope, the left index is
synchronized with the right fixed index and the
graduations on the nonslipping azimuth scale.
When the left index is opposite the right fixed
index, the azimuth scale index should coincide
with a graduation on the nonslipping azimuth
scale. If the three indexes do not coincide, the
instrument should be turned in to the direct LONFVUIN, RO LLN
support unit for repair. The movable azimuth KNC PACOE

micrometer index on the inside of the slipping
azimuth micrometer scale is adjustable in relation
to a fixed scale graduated on the worm throuwout Figure 3-15. Telescope mount M2ZAI.
lever and is used to apply special corrections.

c. For boresighting with panoramic telescope
M12A7S, all indexes, including the left index, must telescope mount so that any deviation in direction
be at 0. Any adjustment to make the line of sight caused by elevating a canted weapon may be
parallel to the tube must be made with the tangent corrected. By cross-leveling and longitudinally
screws on the telescope mount. leveling the telescope mount and traversing back

3-36. Telescope Mount M21A1 on the aiming point, the panoramic telescope
measures a true horizontal angle and the telescope

a. The telescope mount M21A1 (fig 3-15) is mount compensates for errors caused by the cant
bracketed to the left side of the cradle. It is used in of the weapon if that cant is not greater than 100
conjunction with the panoramic telescope and (178 mils).provides a means for laying the weapon in
pridire. ac. For boresighting, the tangent screws are used
direction. to adjust the 0-3200 line of sight of the panoramic

b. Two tangent screws at the top of the telescope telescope parallel to the axis of the tube in direction
mount socket keep the panoramic telescope from (deflection). (This action should not be performed
moving laterally. The two tangent screws are until the M21A1 telescope mount has been checked
locked in place by two tangent screw locking to see that it is in coincidence with the tube at zero
screws. The panoramic telescope is secured in the elevation.) To adjust the 0-3200 line of sight of the
socket by a retaining shaft which is rotated by a telescope, look through the eyepiece, insert a
wing knob. Turning the upper part of the wing screwdriver in each tangent screw, and turn them
knob toward the muzzle of the weapon allows the both in the same direction until the vertical
telescope to be removed from the mount. A hairline in the reticle pattern is superimposed over
longitudinal level, operated by the longitudinal the aiming point.
leveling knob, and a cross level, operated by a
cross-leveling knob, are just below the socket. The 3-37. Elbow Telescope M16AI D and Mount M23
azimuth compensating mechanism, including the
actuating arm, bearing, and pivots, provides a a. The elbow telescope M16AID, mounted in the

means of transmitting the motion of the tube to the telescope mount M23 (fig 3-16) on the right side of
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C~INI BOLT b. The elevation scale is graduated in 100-mil
Wincrements from minus 100 to plus 1,200. The

Wu" KW V IPelevation micrometer scale is graduated in 1-mil
increments from 0 to 100. One complete revolution

Mof the elevation micrometer scale causes the
nELCK #A0 elevation scale index to move one graduation (100

mile).
c. The longitudinal-level bubble is moved by

any movement of the elevating handwheel of the
weapon or the elevation micrometer knob. The
cross-leveling worm knob controls the leveling of

ON the cross-level bubble.
ADE d. To operate the range quadrant, the

"U Eannounced quadrant elevation is set on the
RA 60419A elevation and micrometer scales by turning the

elevation knob. The longitudinal-level bubble is
centered by turning the elevating handwheel of
the weapon. During the final cross- and

Figure 3-16. Telescope mount M23 with elbow longitudinal-leveling, the range quadrant moves
in a true vertical plane. It, therefore, measures a
true vertical angle, although the trunnions of the
weapon may be canted up to approximately 100.

the weapon, is a 3-power, fixed-focus instrument Note. Since the quadrant elevation determined
used in the two-man, two-sight system for direct by the fire direction center includes site, the angle
fire. of site scale and the angle of site micrometer on the

range quadrant M4AI are no longer used. Theyb. A rubber eyeshield attached to the eyepiece should be "frozen" in place at 300.

protects the operator when the weapon is fired. An

illumination window provides a means of
illuminating the reticle with the instrument light
M36. The reticle of the telescope has range lines
representing elevations for ranges from 0 to 2,200
yards. The zero range line is lettered "N" and
passes through the optical axis of the telescope. MICROMETER

The range graduations are based on the muzzle ELAT, t4

velocity for the 105-mm high-explosive antitank SCALE III \
(HEAT) M67 ammunition, which is approximately
the same muzzle velocity as charge 6, BRACKET

high-explosive (HE) ammunition. A range
correction chart for the M16A1D elbow telescope is
available for high-explosive plastic tracer
(HEP-T) M327 ammunition.-

c. For boresighting by the testing target or the
distant aiming point methods, the telescope may
be adjusted in elevation by loosening the clamping
bolt on the mount housing and turning the
elevation worm with a screwdriver until the N
range line of the reticle coincides with the testing
target aiming diagram or the distant aiming point.
The reticle lines may be leveled by means of the
bracket rotating knob on the upper portion of the LOI

telescope mount. The telescope may, therefore, be
adjusted for elevation and cant but not for
deflection.K ~ANGLE $1 sE
3-38. Ronge Quadrant M4A1\ MICRete CROSS EVL'NG

CLA M Pl COVER FOR ATIERY Ai 17

a. The range quadrant M4A1 (fig 3-17), C.w COMPARTRNT RA PD 10763d

mounted on the right side of the 105-mm howitzer
cradle, provides a means for laying the weapon for
elevation. Figure 3-17. Range quadrant MVAI.
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3-39. Gunner's Quadrant MIA1 handwheel, center the bubble in the gunner's

a. The gunner's quadrant (fig 3-18) is used on quadrant by elevating or depressing the tube.
the 105-mm howitzer primarily during sight tests (2) Reverse the quadrant (end-for-end) on the
and adjustments; however, it may be used when quadrant seats and check the bubble. If the bubble
the range quadrant is inoperative or, when centers, then the tube is level, the end-for-end test
necessary, to split a mil in elevation. The gunner's is complete, and the error in the gunner's quadrant
quadrant will not measure a true vertical angle is 0. However, if the bubble does not center, then
when it is used on the breech ring of a canted you must continue the end-for-end test and
weapon. determine the sign (+ or -) and the amount of error

in the gunner's quadrant as described in (3) or (4)
below.

(3) If the bubble does not center ((2) above),
turn the micrometer knob and try to center the
bubble.

(a) If you can center the bubble by turning
the micrometer knob, read the black figures on the
micrometer scale and divide the reading by 2. Set
the results on the micrometer scale.

(b) Place the gunner's quadrant back on the
quadrant seats with the arrow pointed toward the
muzzle and, using the elevating handwheel, level

-( the tube by centering the bubble.

(c) Reverse the gunner's quadrant
(end-for-end) on the quadrant seats. The bubble
should center. The reading on the gunner's
quadrant is the amount of the positive (+) error in
the gunner's quadrant, and the end-for-end test is

Figure 3-18. Gunner's quadrant MIA). complete.
(4) If the bubble does not center ((3)(a) above),

b. The gunner's quadrant consists of a frame move the gunner's quadrant arm down one
with a graduated arc, an index arm, a micrometer graduation (10 mils).
knob and scale, a bubble, and reference surfaces. (a) Turn the micrometer knob until the
The arc is graduated in 10-mil increments from 0 bubble centers.
to 800 mils on one side and from 800 to 1,600 mils
on the other side. The teeth on the arc position the (b) Take the reading on the micrometer
index plunger at the 10-mil graduations. The scale, add 10 to it, and divide the sum by 2. Place
index micrometer scale is graduated in 0.2-mil the results on the micrometer scale.
increments from 0 to 10 mils. One complete (c) With the arm of the gunner's quadrant
revolution of the index micrometer raises or lowers set at minus 10 and the results in (b) above set on
the bubble 10 mils. The index micrometer scale is the micrometer scale, place the gunner's quadrant
numbered with black figures. Two direction of fire back on the quadrant seats, with the arrow pointed
arrows indicate the manner in which the gunner's toward the muzzle, and, using the elevating
quadrant is placed on the quadrant seats. handwheel, level the tube by centering the bubble.

Note. Thegunner'squadrantMlAldiffersfrom (d) Reverse the gunner's quadrant
the M1 in the following respects: the M1Al is (end-for-end) on the quadrant seats. The bubble
provided with a micrometer mask to insure use of should center. If the bubble centers, subtract the
the correct scale, it has an indicator on the index reading on the micrometer scale from 10 to obtain
arm, and the index mark on the micrometer is the error. This is known as the negative (-) error,
numbered 10 rather than 0. It has all black figures. and the end-for-end test is complete.

c. To test the gunner's quadrant for accuracy, Note. If an error (+ or -) has been determined
perform the following end-for-end test before during the end-for-end test of the gunner's
performing the sight tests and adjustments (figs quadrant, it will be carried only during sight tests
3-19, 3-20, and 3-21). and adjustments and will not be applied to

(1) Zero the scales of the gunner's quadrant elevations in fire missions. However, if the error ii
and place the gunner's quadrant on the quadrant more than 0.4 mil, the gunner's quadrant must be
seats on the breech ring with the line-of-fire arrow sent to the support unit at the earliest possible date
pointed toward the muzzle. Using the elevation for correction and adjustment.
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Gunner's Quadrant Micrometer Test

S 0

1. Set index at plus 10. 2. Zero the micrometer. 3. Place quadrant on breech
quadrant seats with line-of-
fire arrows pointing toward
muzzle.

e0

4. Depress/elevate tube to center 5. Remove the gunner's quadrant 6. Set micrometer at 10.
bubble. and set index at 0.

7. Replace quadrant on breech 8. If the bubble centers, the
quadrant seats with line-of- micrometer scale is in correct
fire arrows pointing toward the adjustment.
muzzle.

9. If bubble does not center, the
micrometer is in error. The
quadrant should be turned in to
support maintenance for repair.

Figure 3-19. Gunner's Quadrant Micrometer Teat. C
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Gunner's Quadrant End-For-End Too

In tolerance +0.4 to -0.4 mils. Anything greater ;s not acceptable.

S 0

Inspec 0

1. Inspect breech quadrant seats 2. Inspect quadrant shoes for 3. Zero the scales.
(1) for nicks and dirt. nicks and dirt.

4. Point line-of-fire arrow on 5. Depress/elevate tube to center 6. Reverse direction of quadrant.
quadrant toward muzzle. bubble.

POSITIVE CORRECTION
IF BUBBLE CENTERS, r
TEST IS COMPLETE.

- Ilill~illlllllgllll0- 0.2

7. Bubble should center. If bubble 8. Center bubble with micrometer 9. Divide micrometer reading by 2.
does not center, go to step 8. knob. If bubble centers, go to This is your trial correction.

step 9. If not, go to step 16.

0.2

10. Put result on micrometer 11. Place on breech quadrant 12. Depress/elevate tube to
wcale. eats and point quadrant at center bubble.

muzzle.
Pure 3-20. Gunner's Quadrant End-For-End Teat.
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Gunner's Quadrant End-For-End Test-Continued

13. Reversedirectionofquadrant. 14. If bubble centers, go to step 15. Record end-for-end correc-
15. If not, go back to step I and tion.
start over.

NEGATIVE CORRECTION

lI l 10.01

.9.aJ
16. Remove gunner's quadrant; 17. Place quadrant on seats 18. Add micrometer reading to

set index at minus l0 by using facing breech end of the 10.0.
the high angle side (1600). weapon. Cente, bubble with

micrometer knob.

19.8 =-.
2

19. Divide answer in step 18 by 2; 20. Place findings from 19 on 21. Point quadrant at muzzle.
this is your trial correction. micrometer scale.

22. Depress/elevate tube to 23. Reverse direction ofquadrant. 24. Bubble should center. If
center bubble. bubble does not center, go

back to step 16.
25. Subtract micrometer reading

from 10.0 since this is a neg-
ative correction (step 16), a -9,9
minus sign must be placed in
front of the correction factor
(-0.2). -0.1

26. Record end-for-end correc-tion. j

F40re 3-21. Gunner's Quadrant End-For-End Tet.
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3-40. Care and Maintenance of Sighting and (3) Use oil, lubricating, preservative, special,Laying Equipment on the felt washers, on the range quadrant and
a. General care. telescope mount, and on exposed bearing surfaces

(1) Avoid rough handling of the equipment. o h ih n ih on
(2) imi diasseblyto he xten auhorzed(4) Remove oil or grease from rubber eyeshield

in the field manual or technical manual pertaining imdaey
to a particular weapon. (5) Keep the level vials covered when not in

(3) Keep the equipment dry; never put the ue
equipment in carrying cases when it is damp or (6) Do not attempt to force a mechanism
wet. beyond its stop.

(4) When not in use, keep the equipment in the (7) Have the equipment lubricated
carrying cases. periodically by the direct support unit personnel.

(5) Send any instrument not performing
properly to the direct support unit for repair. c. Gunner's quadrant.

(6) eve pant ny o th eqipmnt.(1) Do not burr, dent, or nick reference
(7) Depress fully all throwout levers, when surfaces or the notched portion of frame.

used.(2) Clean the arc frequently with a small
(8) Before assembly, remove all dust and grit brush or with a brush and drycleaning solvent.

fromthecontct urfaes.(3) Never leave the gunner's quadrant on the
(9) Wipe off all excess lubricant to prevent the weapon during firing.

accumulation of dust and grit.
b. Telescopes and sight mounts. d. Coated optical elements. The optics of some

()Remove dust or grit with a clean instruments are coated with a reflection-reducing
(1)'-ai rs r estsseppr film of magnesium fluoride. Rub coated optics ascame's-hir rushor ens isse paer.little as possible. If such a coating is partly
(2) Use oil, lubricating, light, on the sight removed, do not remove the remainder of the

mount M23; oil through the hole on top of the coating, since any left will help make the sight
housing. clearer.

Section VI. SIGHT TESTS AND ADJUSTMENTS

3-41. General b. If it is not possible to suspend a plumbline of
The accuracy of artillery weapons depends, to a suitable length for leveling the trunnions, they

great extent, on the adjustment of the sighting and may be approximately leveled in either of the
laying equipment and its relation to the axis of the following ways, listed in order of preference:
bore of the weapon. There are certain tests and (1) Place a tested gunner's quadrant set on 0
adjustments that are performed to insure that the in the breech recess parallel to the trunnions. Raise
proper relation exists between the sighting and one trail until the bubble on the gunner's quadrant
laying equipment and the axis of the tube of the is centered.

weapon.(2) Match the white scribed lines on the3-42. Leveling the Trunnions telescope mount (scribed after fire control
a. To level the trunnions, suspend a plumbline alinement test) and raise one trail until the

in front of the muzzle of the tube. Insert a telescope mount cross-level bubble is centered.
boresighting disk in the breech end of the tube and
affix croeshairs on the muzzle end. Aline the 3-43. Fire Control Alinement Test
vertical hair on the muzzle of the tube and the Fire control alinement tests are performed by the
plumbline. (The plumbline should be at least 9 feet section under the supervision of the battery
long.) Elevate and depress the tube and check to executive. These tests are performed at the
see that the vertical hair tracks and the plumbline discretion of the unit commander. Suggested times
throughout its length. If it does not, raise one of the for performance are once each year if the gun is
trails until the vertical hair on the muzzle does used only for nonfiring training; once every 3
track the plumbline. When the trunnions are level, months if the gun is fired; as soon as possible after
the raised trail should be blocked to make it solid, extensive use, accidents, or traversing extremely
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rough terrain; and when the gun fires inaccurately 3-45. Test of Azimuth Compensating Mechanismfor no readily apparent reason. The tests reveal of Panoramic Telescope Mount

whether or not the on-carriage sighting The purpose of testing the azimuth
equipment and certain off-carriage sighting compensating mechanism of the telescope mount
equipment are in correct adjustment. is to determine whether it actually keeps the tube
3-44. Test of Range Quadrant in the correct vertical plane at all elevations. One

of the tests listed below, in order of preference,
a. Cross-level tests. should be performed.

(1) With the gun and carriage level (axis of a. Test wherein trunnions need not be level-
bore and axis of trunnions), center the cross-level plumbline required. By using a plumbline as a
bubble. vertical reference plane, the test below reveals the

(2) Turn the elevation knob throughout its total amount of error that exists between the center
limits of motion. of the reticle pattern and the direction in which the

(3) The cross-level bubble should remain tube points. Steps are as follows:
centered to within one-half vial graduation. If the (1) With the boresights in place and the tube
bubble does not remain centered, the level vial is near zero elevation, traverse the tube so that the
incorrectly alined, and the weapon should be sent line of sight through it is on the plumbline.
to the direct support unit for adjustment. (2) With the sight mount leveled, move only

b. Pivot azimuth alinement test. the sight and refer to a distant sharply defined

(1) Place the breech and muzzle boresights in aiming point (in any direction). Use the elevation
their proper positions in the tube. knob of the sight to bring the horizontal reticle tot Ceirroer tepot ios tete cthe aiming point.

(2) Center the previously tested cross-level (3) Elevate the tube to maximum elevation or
bubble. to the top of the plumbline. Traverse the tube, if

(3) Elevate and depress the tube and check to necessary, to bring the line of sight through it back
see that the boresights track a plumbline placed in to the plumbline.
front of the tube; at the same time, watch the (4) Level the panoramic telescope mount both
cross-level bubble. laterally and longitudinally.

(4) The bubble should remain centered to (5) Sight through the telescope to determinew ith in on e-h alf vi al gr aduation . ( ) S g t t r u h t e tl s o e t ee m nwhether it is still on the aiming point.

(5) If the bubble moves off center more than
one-half vial graduation, the pivot is not alined in (6) If the sight is offthe aiming point in excessazimuth with the tube, and the weapon should be of 1 mil in deflection and/or one-half vialazimth toth he tup t ant wfor adjustment. graduation in elevation, the weapon should be sentsent to the direct support unit fto the direct support unit for adjustment.

c. Pivot vertical alinement test.

(1) Level the tube by using a previously tested b. Test with trunnions level. The test below with
gunner's quadrant. trunnions and tube leveled for control indicates

whether errors exist in the actuating arm pivot
(2) Center the longitudinal-level bubble by and/or level vials. Leveling may be performed by a

turning the elevation knob. plumbline check or by cross-leveling with the
(3) Operate the cross-leveling knob gunner's quadrant on the breech ring. If

throughout the limits of the motion; the cross-leveling is accomplished with the gunner's
longitudinal-level bubble should remain centered. quadrant on the breech ring, the results of the test

are accurate only to the extent of the parallel
(4) If the bubble moves off center more than relationship of the trunnions to the top surface of

one-half vial graduation, either the pivot is not the breech ring. The tests are as follows:
alined vertically with the tube or the level vial is
not correctly alined, the weapon should be sent to (1) Cross-level test of telescope mount. The
the direct support unit for adjustment. telescope mount cross-level bubble must be in

proper adjustment before the test of the azimuth
d. Comparison test. compensating mechanism is completed.

(1) Compare the readings indicated by the (a) Center the cross-level bubble and place
gunner's quadrant with those on the elevation the line of sight of the panoramic telescope on a
quadrant at low, medium, and high elevations of sharply defined aiming point.
the tube.

(2) If the two instruments do not agree at all (b) Elevate the tube to maximum elevation
elevations, the weapon should be sent to the direct while keeping the telescope mount level (
support unit for adjustment. longitudinally.
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Note. Do not readjust the cross-level bubble b. Accurate cross-leveling of the trunnions is
after the initial setting. unnecessary for boresighting on a distant aiming

(c) The line of sight must not deviate from point; however, trunnions should be as level as

the target by more than 1 mil at any elevation possible.
checked and the cross-level bubble must not travel c. The breech and muzzle boresights must be in
more than one-half vial graduation. If the amount their proper positions.
of deviation exceeds the tolerance, the level vial or d. All instruments and mounts must be
pivot is incorrectly alined, and the weapon must be positinstue t fre play.

sent to the direct support unit for adjustment. positioned securely without free play.

(2) Vertical alinement test of telescope mount. 3-49. Testing Target Method of Boresighting
(a) Level the tube longitudinally with the To boresight, using the testing target method,
(aeel's qudate tblfollow the nine steps as outlined -n a through i

gunner's quadrant. below.

(b) Center the longitv'~inal-level bubble. a. Level the trunnions. The trunnions are
(c) Operate the crss-leveling knob leveled as prescribed in paragraph 3-43.

throughout the limits of motion; the b. Zero the tube. Level the tube (set to zero
longitudinal-level bubble should remain centered eleo by p ee the tube (st th
within one-half vial graduation. If the bubble elevation) by performing the end-for-end test with
moves in excess of the tolerance, either the level the gunner's quadrant. When the tube is zeroed, it
vial or the actuating arm pivot is not alined is not to be moved during the rest of the
correctly, and the weapon should be sent to the boresighting procedures.
direct support unit for adjustment. c. Level the cross-level and longitudinal-level

bubbles. Level both bubbles on the panoramic
3-46. Boresighting telescope mount.

Boresighting is the process of alining the d. Zero the scales. Set all 10 scales to 0 and aline
on-carriage sighting and fire control equipment so all indexes on the panoramic telescope and mount
that the lines of sight of the telescopes are parallel M21A1.
to the axis of the bore of the weapon. The purpose e. Level the cross-level and longitudinal-level
of boresighting is to properly adjust the line of bubbles. Level both bubbles on the range
sight of the sighting and fire control equipment in quadrant.
relation to the axis of the bore of the weapon in
order to obtain accurate fire. Vibration, f. Zero the scales. Settheelevationscaleto0and
temperature changes, shock, and other factors the elevation micrometer on 0. If the arrow on the
tend to alter the adjustment after it has been made. elevation scale does not read 0, loosen the two
Therefore, boresighting should be performed as screws on the plate and slip the arrow until it does
frequently as possible-before firing and, when read 0, then tighten the screws. If the micrometer
necessary, during lulls in firing. scale does not read 0, loosen the three screws on the

knob and slip the scale to 0, and tighten the three
3-47. Methods of Boresighting screws on the knob.

a. Two general methods of boresighting are the g. Adjust testing target to tube. Place the testing
testing target and the distant aiming point target (fig 3-22) 50 to 100 meters in front of the
methods. The standard angle can be used in an howitzer tube, and position the testing target so
emergency to check boresighting. that the base diagram is alined with the boresights

b. The testing target method is the most without moving the tube. The testing target must
accurate and is used in the gun park or other places be placed on a stand and held firmly in place
where conditions permit leveling the trunnions during boresighting.
and plenty of time is available. The distant aiming h. Adjust the panoramic telescope to the testing
point method is most widely used in the field and target. The vertical and horizontal cross-hairs of
takes much less time and yields very accurate the panoramic telescope are adjusted to the testing
results. The standard angle is a check only and target as follows:
must be preceded by the test target method to (1) While looking through the panoramicestablish the standard angle.()Wh eloin truhteparmi

telescope, adjust the vertical line of the reticle

3-48. Preparation for Boresighting pattern to the aiming diagram of the testing target
by turning the tangent screws on the mount. The

a. Regardless of the method used, the tube weapon is boresighted for deflection (azimuth)
should be near the center of its traverse and when the vertical line of the panoramic telescope
pointed in the general direction of the distant coincides with the vertical center of the aiming
aiming point or testing target. diagram.
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(2) While looking through the panoramic (2) If the reticle is canted, the reticle lines may
telescope, adjust the horizontal line of the reticle be leveled by means of the bracket rotating knob
pattern to the aiming diagram of the testing target on the upper portion of the telescope mount. The
by turning the elevation micrometer knob so that elbow telescope may be adjusted for elevation and
the horizontal crosshair of the reticle of the cant but not for deflection. The elbow telescope is
panoramic telescope is alined on the horizontal now boresighted for direct fire.
line of the aiming diagram of the testing target. Note. A weapon will be properly boresighted
The elevation micrometer scale should read 0. If it only when the following conditions exist: The
does not, loosen the three screws on the knob, hold trunnions are level (or as level as possible), the
the knob and slip the scale to 0, and tighten the tube is level, all bubbles are centered, all scales
three screws. The panoramic telescope is read 0, all mounts are in coincidence with the tube,
boresighted for elevation, the 0-3200 line of sight of the panoramic telescope

Note. Check to insure that the bubbles are still is parallel to the mechanical axis of the tube, both
centered, the scales are at 0, all indexes are alined, in elevation and deflection, the line of sight of the
and the alinement of the telescope mount and tube elbow telescope is parallel to the mechanical axis
has not been disturbed. of the tube in cant and elevation, and the mounts

i. Adjust the elbow telescope. Place the elbow and instruments are securely attached with

telescope into the M23 telescope mount and adjust neither bind nor play in the equipment.

the telescope as follows: 3-50. Distant Aiming Point Method of

(1) Adjust the N range line of the reticle in the Boresighting

elbow telescope so that it coincides with the A distant aiming point may be used in
horizontal line of the aiming diagram of the boresighting if a testing target is unavailable or if
testing target (see paragraph 38c). the tactical situation is such that the use of a

testing target is impractical. The aiming point
selected should be a sharply defined point at least
1,500 meters from the howitzer and as near to the
zero elevation of the howitzer as possible. All steps
prescribed for the testing target method of
boresighting apply to the distant aiming point

IS method of boresighting as pertains to checking the

mounts against the tube at 0 elevation; the
exception is that the boresights of the tube and the
optical sights of the telescopes are alined on the
same distant aiming point, after the mounts have

1- - been checked against the tube, (see fig 3-23)
20 _ instead of on separate aiming diagrams. Accurate

cross-leveling of the trunnions is unnecessary for
boresighting on a distant aiming point, however,

4 . the trunnions should be as level as possible.

3-51. Standard Angle Check of Boresighting

a. General. When positions are occupied in
combat, the necessity for speed in opening fire or
the necessity for observing camouflage discipline
may make the boresighting methods previously
described impracticable. Under such
circumstances, the alinement of the optical axis of
the panoramic telescope parallel to the axis of the
bore may be checked by referring to a selected
point on the muzzle. The deflection and elevation
angles necessary to refer the line of sight of the
telescope to the selected point on the muzzle are
referred to as the standard angles. During the fire
control alinement tests, when the panoramic
telescope is in correct alinement, is an ideal time to
establish the standard angles for later use. When
they have been determined, they may be used for a
quick check of the alinement of the panoramic
telescope when more precise methods cannot be

Figure 3-22. Testing target with stand. used. Misalinement discovered as a result of this
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check should be verified by a more accurate (3) Boresight the gun with a testing target.
method at the earliest opportunity. When using the
standard angle check of boresighting, be sure that (4) With adhesive tape, fasten a common pin
the position of the recoiling parts with respect to in the left horizontal witness mark. Allow the pin
the nonrecoiling parts is the same as it was when to project to the left of the muzzle.
the standard angles were determined. Also, check (5) Fasten a telescope parallax shield in place
the recoil mechanism to see that it contains the over the eyepiece.
proper amount of recoil oil before determining the (6) Verify that the elevation index and the
standard angle. micrometer on the telescope are at 0.

b. Preliminary operations. The procedure for

establishing standard angles is as follows: (7) Using the azimuth micrometer knob and
(1) With the tube in battery, scribe lines in the the longitudinal leveling knob, move the line of

paint to mark the position of parts that move in sight of the panormaic telescope down and to the
recoil with respect to parts that do not move in right until the intersection of the reticle in the
recoil (recoil sleigh and cradle). panoramic telescope is on the pin where it extendsfrom the muzzle. (Do not use the panoramic

(2) Carefully level the trunnions. telescope elevation knob.)

DISTANI

AIMING POINT

r 403o"1 304

.0 .0

\ 1\ I I I

\7 /

AS SEEN I\AS SEEN

THROUGH TELESCOPE I THROUGH BREECH

AS SEEN
THROUGH ELBOW

TEL ESCOPE

Figure 3-23. Distant aiming point boresight pictures, using a lone tree.
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(8) Read the value on the azimuth and (2) Using the range quadrant or gunner's
azimuth micrometer scales to the nearest 1 mil. quadrant, elevate the tube to the standard
Elevate the tube until the bubble in the elevation angle.
longitudinal leveling vial centers. Read the
elevation of the tube to the nearest 1 moil with the (3) Fasten a telescope parallax shield in place
range quadrant. Record these two values on the over the eyepiece.
inside of the panoramic telescope case.

(9) With a knife blade or other sharp metal (4) Place the panoramic telescope in its
point, scribe lines in the paint on the following mount. Make sure that the red scribed lines are in
parts: coincidence and set off the standard azimuth

(a) Straight across the junction of the angle on the panoramic telescope.
cross-leveling segment and the cross-leveling (5) Place a pin in the left witness mark.
worm housing of the panoramic telescope mount.

(b) Straight across the junction of the (6) If the vertical line of the reticle is not
cross-leveling worm housing and the exactly on the junction of the pin and the muzzle,
cross-leveling worm knob shaft. adjust the tangent screws until the vertical line of

(c) traghtacros te jncton o th roker the reticle is properly alined. If the horizontal line(c) traghtacrss hejuctin o th roker of the reticle is not exactly on the junction of the
and the actuating arm. pin and the muzzle, turn the elevating knob of the

(d) Straight across the junction of the panoramic telescope until it is properly ained.
longitudinal leveling knob shaft and the bracket. Adjust the zero of the elevation knob scale so that

(10) Fill the scribed lines with red paint and i si lnmn ihteidx
wipe off the excess.

*c. Procedure for checking in the field. After the Note. If an error in boresighting is discovered
standard angles have been determined, the steps by the standard angle check, then the weapon
in performing the standard angle check of should be boresighted by a more accurate method
boresighting are as follows: at the first opportunity, to include establishing

(1) Verify that the parts that move in recoil new standard angles, if appropriate. All of the
*are in the same position with respect to the methods of boresighting described in this section

nonrecoiling parts as they were when the standard are described in detail in chapter 5 of FM 6-75 with
angles were determined, appropriate pictures and drawings.

Section V11. SAFETY PROCEDURES

*3-52. Malfunctions however, since it cannot be immediately

When a weapon fails to fire, all personnel distinguished from a delay in the functioning of
concerned must follow specific procedures, the firing mechanism or from a hangfire (b below),
depending on the type of weapon being fired and it should be considered as a delayed firing until
the condition of the tube (hot or cold). The such possibility has been eliminated. Such delay
executive officer must know the misfire procedures in the functioning of the firing mechanism, for
and must apply them in case of a misfire in order to example, could result from the presence of foreign
afford maximum safety in the firing battery. matter (such as grit, sand, frost, ice, or improper or
Malfunctions in the firing of artillery ammunition, excessive oil or grease), which might create,
such as misfires, hangfires, and cookoffs, are initially, a partial mechanical restraint. This
defined and discussed in a through c below. When restraint, after some indeterminate delay, is
authorized and properly maintained ammunition overcome as a result of the continued force applied
is fired from properly maintained and operated by the spring and the firing pin is then driven into
weapons, these malfunctions rarely occur. In order the primer in the normal manner.
to avoid injury to personnel and damage to b. Hangfire. A hangfire is a delay in the
equipment, all personnel concerned must fntoigo h rpligcag xlsv
undprern theentue anoecimalfuncionrand train at the time of firing. In most cases, the delay,

the ropr prvenive nd orretiv proedues. though unpredictable, ranges from a split second
* a. Misfire. A misfire is a complete failure to fire. to several minutes. Thus, a hangfire cannot be

It may be caused by a faulty firing mechanism or a distinguished immediately from a misfire (a
faulty element in the propelling charge explosive above) and therein lies the principal danger-that
train. A misfire, in itself, is not dangerous; of assuming that a failure of the weapon to fire
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immediately upon actuation of the firing cause the firing pin to miss the primer. Broken or
mechanism is a misfire whereas in fact it may bent firing pins will cause misfires, as will wet
prove to be a hangfire. It is for this reason that time powder or a faulty primer.
intervals are prescribed and should be observed 3-4LodnPrcuis
before the breech is opened after a failure to fire. 3-.LodnPrauis

CA UTION: During the prescribed time When a hot tube condition exists, specific
inevlthe weapon will be kept trained on the loading procedures should be followed. The

itret dal esne wl tn ceroh executive officer is responsible for determining
targe and all patrsonnecwill.tn lero h whether a hot tube condition exists. In making his

muzze ad th pah ofrecil.decision, he takes into account such things as
c. Cookoff. A cookoff is a functioning of any or ambient temperature, rate of fire, amount of

all of the explosive components of a round ammunition fired, and charge fired. Applicable
chambered in a very hot weapon due to heat from general loading considerations are as follows:
the weapon. The primer and propelling charge, ina.Dnochmearudutiimdael
that order, are generally more likely to cookoff a.io Do fntcg brarud.ni meitl
than the projectile or the fuze. If the primer or the pirt iig
propelling charge should cookoff, the projectile b. A chambered round in a hot tube should be
could be propelled (fired) from the weapon with fired or removed from the piece within 5 minutes of
normal velocity even though no attempt was made chambering.I to fire the primer by actuating the firing c. If around is in a hot tube more than 5minutesmechanism. In such a case, although there may be and a misfire is not involved-
uncertainty about whether or when the round will
fire, the precautions to be observed are the same as (1) Remove the cartridge case immediately.I those prescribed for a hangfire. However, should ()Eaut l esne oasf itnethe bursting charge explosive train cookoff, injury ()Eaut l esne oasf itne
to personnel and destruction of the weapon could (3) Keep the weapon laid on safe data.
result. To prevent heating to the point at which a (4) Request assistance from explosive
cookoff may occur, a round of ammunition that ordnance demolition (EOD) personnel. Release the
has been loaded into a very hot weapon should be weapon to ordnance if required.
fired or removed within 5 minutes.3-5PrcdrsAtrFiueoFr-NtTb
3-53. Procedures After Failure to Fire-Cold Tube 3-5PrcdesAtrFiueoFr-HtTb

Afte th hoitzr filsto ire acuat th fiingAfter the howitzer fails to fire, actuate the frng
Aftr te hwiterfais t fie, ctatethefirng mechanism two more times in an attempt to fire

mechanism two more times in an attempt to fire the weapon. If the weapon still fails to fire, the
the piece. If the weapon still fails to fire, the chief of chief of section reports to the executive officer
section reports to the executive officer MISFIRE MISFIRE NUMBER (so-and-so). The chief of
NUMBER (so-and-so). The chief of section then section waits 2 minutes from the last attempt to
waits 2 minutes from the last attempt to fire before fire before he opens the breech, removes the
he opens the breech, removes the cartridge case, crrdecsadiset osei h rmri

*and inspects the primer to see if it has been dented.- crrdecsadiset osei h rmri
If the primer is not dented, the firing mechanism dented. If the primer is not dented, the firing
should be repaired. If the primer is dented, he mechanism should be repaired. If the primer is
replaces the cartridge case with a new one and dented, he replaces the canister with a new one and
fires the weapon. If the executive officer does not fires the weapon. The above procedures must be
wish to fire the round after the 2-minute waiting accomplished within 5 minutes after loading; if the
period, the projectile must then be removed from weapon can not be fired or unloaded within 5
the tube. Using the bell rammer to avoid damaging minutes the following procedures are followed:
the fuze, the cannoneer pushes the round out the a. Evacuate all personnel to a safe distance.
rear of the tube. The breechblock should be closed b. Keep the weapon laid on safe data.
and rage should be stuffed into the powder
chamber to cushion the shock of the projectile. A c. Request assistance from explosive ordnance
common cause of misfire with a 105-mm howitzer disposal. Release the weapon to ordnance if
is that the breechblock is not fully closed. This will required.
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Section Vill. SUMMARY

3-56. Review
The four major components of the 105-mm working condition. It has been the purpose of this

howitzer M101A1 are the carriage, barrel and chapter to give a general insight into the
breech assemblies, recoil mechanism, and characteristics, nomenclature, functioning, and
sighting and laying equipment In order for the maintenance of the major components of the
weapon to function properly and deliver accurate weapon. For more detailed information, see FM
fire, each component must be kept in proper 6-75, TM 9-1015-203-12, and LO 9-1015-203-10.
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U. S. ARMY *WCXXWSHB-4
FIELD ARTILLERY SCHOOL HB-4

Weapons Department

Fort Sill, Oklahoma

CHAPTER 4

105-MM HOWITZER, LIGHT, M102, TOWED

Section I. GENERAL

4-1. Referencbs b. The M102 howitzer fires the same types of
ammunition as the M101A1 howitzer and at

FM6-70,TM9-1015-234-12,TM9-1015-234-10, charge 7 will fire a round 11,500 meters, or 500
and IO 9-1015-234-10. meter. farther than the M101AL. A roller tire (No.
4-2. Introduction 19, figure 4-1) attached to the trail assembly (No.

26, figure 4-1)of the M102 permits the weapon to be
a. The 105-mm howitzer M102 is a lightweight rotated 6,400 mile around a firing platform (No. 14,

towed weapon, which has a very low silhouette figure 4-1), which provides the pivot point for thewhen in the firing position. It can be airlifted, weapon. The weapon can be elevated from -89 mils
dropped by parachute, or towed into position. (-5° ) to a maximum of 1,333 mils (750).

Section II. CARRIAGE

4-3. Description (3) Flexibility. Trail lifting handles (No. 18)
a. General. The carriage consists of a welded are presently located on the sides of the trail to

aluminum box trail and cradle. The single box trail enable cannoneers to lift the trail and pivot the
is shaped like a wishbone and 'Is features provide weapon for large shifts in azimuth. Problems
mbih lity, staility, xisbi , and setoraespe encountered with these handles are discussed in
mobility, stability, flexibility, wv4 storage space. c(2) below.

(1) Mobility. On the rotavable drawbar (No.22, fig 4-1) at the rear of the bbz trail is a lunette (4) Storage apace. The sight storage box (No.
(No. 20, fig 4-1) that is mated with the pintle of the 24) is located at the rear of the trail over the roller(Nmemover when the weapon is to be towed, tire and it is used to store the M113 panoramicprime moe wen th we i te towe telescope and M114 elbow telescope during travel.
When the weapon is towed by the M561 Gama In the firing position, when the panoramic
Goatwith fixed towing pindel the drawbar is telescope is mounted to the M134 mount, the
locked in the down position and the locking plate telescope mount cover is stored in the sight storage
underneath the lunette is positioned to allow fre box. When the storage box is closed, an airtight
movement of the lunette. When the M102 is to be seal is achieved by latching the four outer latches.
towed by a 2 -ton truck, the drawbar should be Before the sight storage boxis unlatched, the outer
placed in the up position because of the higher vent should be depressed, since variations in
towing pintle. Two helicopter lifting brackets (No. ambient temperature will cause the internal
10) are located on the top of trail forward of the pre ure to cause tinterestsecton hes. Wen he hwiter s t be pressure to vary. The on-carriage section chest
traion chest. When the howitzer, slings are (No. 25) is located in the crosamember of the boxtanspored tbytaese-bracketsoand roslh rae trail. A lip around the upper edge of the chestattached to these brackets and to the bracket deters water seepage, and drainage holes in thelocated on the front yoke of the recoil sleigh (No.6). floor of the chest allow proper drainage. The chest

(2) Stability. The roller tire provides one of the is designed to hold section equipment such as the
two points of contact with the ground during firing platform stakes, actuator crank, and sledge
firing. The firing platform is affixed to the carriage hammer. Brackets for three rammer staff sections
and provides the other point of contact with the are located on the side of the trail. The fourth
ground and transmits mostofthe shock of firing to rammer staff section (also used as a stake
the ground. extractor) is stowed to the rear of the traversing

*Supersedes HB-4 WCXXWS, Dec 80.
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M102 HOWITZER -RIGHT REAR VIEW [TRAVEL POSITION)
4 5 6 7

26 8 )

22 23 f : 13

20 15
1 i7 16 14

1 9 1 8

1-Panoramic telescope M 113 14-Firing platform
2-Telescope mount M 134 1 5-Lanyard assembly
3-Breechblack and firing mechanism 16-Ufting bracket (rear)
4-Breech mechanism handle 17-Aiming post M1A2 w/brackets
5-Recuperator cylinder 18-Trail lifting handle
6-Lifting bracket (front) 19-Roller tire
7-Cannon tube 20-Lunette
8-Recoil length indicator 21-Piece, drawbar bracket (lunette lock plate)
9-Cradle assembly 22-Drawbar bracket

1 0-Elbow telescope M 114 23-uick-release pin (drawbar bracket)
11-Ball-screw and equilibrator assembly 24-Sight storage box
12-Fire control quadrant M14 25-Section chest
13-Elevating handwheel 26-Box trail assembly

Figure 4-1. M102, rear view.

handwheel. On some weapons, aiming posts primarily in and around the on-carriage section
brackets (No. 17) are located to the rear of the chest and the actuator access opening. These
elevation handwheel (No. 13). When brackets are cracks are not in the structural part of the trail and
not located on the weapon, the aiming posts are are not serious. However, the section box is being
carried in the primer mover. The brackets for the reinforced during rebuild to reduce the
night lighting devices are on the side of the trail deterioration. Armament Command field
beneath the sights. maintenance technicians have been made aware

of special welding procedures to repair the
b. Trail and brackets assembly. The trail and actuator accss opening cracks.

brackets assembly consists of a pair of trunnion
brackets that are secured to the top front corners of (2) The scond area involves the trail lifting
the box trail by capscrews, handles, which are being damaged when the

c. Maintenance problem area.. There are two howitser in towed with the M561 Gama Goat. To
potential maintenance problem areas, on the M102 resolve the problem, Armament Command
wishbone trail (fig 4-3). engineers have designed a special purpose kit that

(1) The first area involves crack that have relocates the lifing handles in the howitses of(1 h istae nole rcsthose unit equipped with the Gam Goat
developed in the trail welds. Investigation into this t
area has shown that these cracks develop (a) Any unit uing the Game Goat for
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towing the M102 can have the kit installed by its b. Problem area. A problem area involving the
direct support unit. M102 suspension system is that of reported

(6) Until the kit is installed personnel failures of the wheel bearings during highway(b) ntilthekit s istaled ersonel towing operations.
should exercise caution when towing the M102.
They should avoid making sharp turns as this ' (1) Engineers have conducted tests of the
when the handles are damaged by the Gama Goat. M102 wheel bearings and report that the bearings

are adequate for the system. Indications are that
4-4. Suspension Asembly units reporting the wheel bearing problem have

a. Components. The components of the not properly lubricated or installed the bearings
suspension are a pair of spindle brake and wheel during servicing. The user's manual, TM
assemblies, an actuator, and a pair of support 9-1015-234-12, prescribes step-by-step
assemblies. The mechanical actuator provides the procedures for servicing the wheel bearings.
means for raising and lowering the wheels. The (2) The wheel bearings must be serviced
spindle, brake, and wheel assemblies of the M102 annually as prescribed in change 8 to TM
howitzer are the same as the lightweight 9-1015-234-12. The maximum towing speed is 35
(magnesium) wheels and hand-operated parking mph (or 45 mph if GPG aircraft bearing lubricant
brakes of the 'A-ton truck M151. On impoved is used) for the M102 on paved roads. Also, you
surfaces, the tire pressure should be maintained at must reduce the service interval specified on the
40 pounds per square inch (psi); on rough terrain, lubrication order to compensate for abnormal or
the pressure should be 22 psi. A tire tread depth of extreme conditions, such as high or low
'A-inch is considered serviceable. The wheel temperatures, prolonged periods of travel,
bearing must be removed, cleaned, and packed continued use in sand or dust, immersion in water,
annually, after driving extended distances in or exposure to moisture. Any one of these
sandy terrain, or after fording hub-deep water. conditions may cause contamination and quickly
The brakes should be adjusted in accordance with dton may cuse oaitio and quiclin te usr's anua, ~destroy the protective properties of the wheel
the guidelines presented in the user's manual, TM bearing lubricant.
9-1015-234-12.

1-Brakes 4-Roller support assembly
2-Actuator control mechanism 5-Wheel, tire and hub assembly
3-Suspension locks

Figure 4-4. Suapension assembly.
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4-5. Firing Platform
a. Description. The front end of the carriage is

supported by an aluminum platform (fig 4-5) that !_! _

is located between the carriage wheels and must bestaked to the ground prior to firing operations forstability in the firing position. The carriage is

supported on the firing platform by a pivot and
socket and four stabilizing devices that ride on the
firing platform stiffening ring to permit a full 6,400
mil traverse. The firing platform is an

Figure 4-6. Leveler assembly.

by the increasing right-hand twist of the round
leaving the tube. On the outside of the roller
support housing are two grease fittings (fig 4-7)
which must be lubricated with GAA monthly or
after disassembly.

Figure 4-5. Firing platform.

octagon-shaped, welded aluminum structure that
serves as a supporting base for the weapon during
4ring. A socket for receiving the box trail pivot is
,'ocated in the center of the firing platform, about
which the weapon is traversed. This arrangement GREASE FITTINGS
permits the base to accommodate itself to varying
angles between the ground and weapon. A hole is Figure 4-7. Roller support.
provided at each of the eight corners for staking
purposes. The stiffening ring provides the bearing
surface which the leveler assembly, roller support, (3) Buffer assembly. A hydraulic buffer
and buffer assembly bear upon. These components assembly (fig 4-8) is secured to the front of the box
are listed in (6) through (8) below: trail. The buffer shoe bears upon the firing

(1) Leveler assembly. A spring-loaded leveler platform stiffening ring. This assembly acts as a
assembly has been added to the box trail directly buffer and prevents the carriage from tipping
behind the carriage pivoto The leveler assembly forward when the recoiling parts return into
rollbe ars upon tar e platforst ffeng e ri as l battery. The hydraulic buffer must be checkedroller bears upon the platform stiffening ring and periodically for leaks. Any leak in the buffer is
holds the platform in a horizontal position during considered serious and must be checked by support
travel (fig 4-6). maintenance personnel. A quick-release type of

(2) Supports. Two supports are mounted to the locking assembly is provided for securing the
underside of the box trail on each side of the pivot, platform to the box trail assembly pivot. This
The four rollers of these supports bear upon the platform locking assembly is secured in its
stiffening ring of the firing platform (fig 4-7). The engaged position by a quick-release pin. The firing
roller support on the assistant gunner's side is platform can be disengaged for separate
spring loaded to compensate for the torque created emplacement or for abandonment if necessary.
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and lost during firing operations.

(a) To resolve these problems, a strong
handle has been developed and the retaining
machine screws have been replaced by bolts with
lockwashers. Both the new handle and the bolts
can be replaced in the field without removing the
howitzer pivot from the carriage.

(b) A broken locking handle or lost
retaining screw generally indicates the lack of
proper preventive maintenance. The locking
handle bends or breaks because excess muscle is
applied. The screws vibrate loose and are lost
because somebody forgets to check them for

BUFFER tightness.
ASSEMBLY 4-6. Lowering the Firing Platform

(and Suspension Assembly)
When the weapon arrives at the firing position,

the firing platform must be emplaced. The weapon
is initially positioned with the tube facing the
back-azimuth of fire. Because the actuator gear
train is subject to failure while the platform is
being lowered, certain precautions must be taken.

Figure 4-8. Buffer assembly. The tube should be elevated to approximately 800
mile and all personnel should be warned to keep

b. Problem areas. There are three interrelated their feet clear of the firing platform. Before the
potential maintenance problems involving platform is lowered, the brakes must be
components of the M102 firing platform and its disengaged, the suspension locks must be
lcmpoane sembly (firig plar adisengaged and stored, and the travel lock must be
lcking handle assembly ( -9). disengaged and stored. The bracket for attaching

(1) The first problem involves the retaining the travel lock is located above and behind the
bolts on the platform locking ring (item 1, fig 4-9), buffer assembly. The travel lock connects the box
which vibrate loose during firing and can cause trail with the cradle, supports the overhanging
the platform to warp and become unserviceable, weight of the tube, and prevents undue wear of the

(a) The cause of this problem is that the elevating mechanism during travel. Once the
retaining bolts are too short and do not seat the number 1 and number 2 cannoneers have taken
locking positions of the self-locking nuts. Longer the preparatory steps, they will connect the
bolts have been made available, actuator crank to the actuator mechanism and

crank the actuator in a counterclockwise direction
(b) The maintenance allocation chart until the suspension assembly contacts the roller

indicates that the user is not authorized to repair supports. Two men are always used to lower the
the firing platform, but he can check it. Personnel firing platform-one to hold the crank and one to
should inspect each retaining bolt of the nut side to turn the crank. At this time the wheels will be off
see if the bolt protrudes all the way through. If the the ground in the firing position and the brakes
bolt is of the right length, one to four threads will must be reengaged.
be visible. If no threads are visible, the user should
notify the direct support unit (DSU) and it will 4-7. Emplacing the Firing Platform
replace the bolts. After the improper bolts have The procedure for emplacing the M102 in the
been replaced, or even ifthe weapon has the correct firing position is spelled out in chapter 1, section
bolts, periodic checks should be made to insure III, of TM 9-1015-234-12 and page 2-21 of TM
that the bolts remain tight. The best time to check 9-1015-234-10. However, investigations within
the bolts for tightness is whenever the firing the USAFAS have shown that some questions
platform is disengaged from the weapon. exist concerning the normal emplacement

(2) The second and third potential procedure. Addtinally, the US Army Armament
maintenance problems in the firing platform area Command has initiated actions to provide a

are on the platform locking handle assembly. The method of emplacing the weapon on rocky or

locking handle (item 2, fig 4-9) may bend or break frozen ground.
when the platform is being installed or removed, a. When charges 1 through 6 are being fired,
and the locking handle retaining machine screws firing may commence when a minimum of two
(item 3, fig 4-9) vibrate loose and then are sheared stakes have been emplaced. This is not
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ITEM 2: EXERCISE CAUTION

FIRING PLATFORM OR THIS
LOCKING HANDLE WILL BEND
OR BREAK. THE HANDLE HAS

SCREWS HAVE BEENREPLACED WITH

BoLTS AND LOCKING
WASHERS. KEEP THEM1TIGHT. ITEM I: KEEP THESE

RETAINING BOLTS SNUG
AND MAKE SURE THEY
ARE THE CORRECT
LENGTH.

Figure 4-9. Firing platform and locking handle assembly.

recommended, however, because a high potential WARNING: The M102 howitzer must remain
of damaging the M102 firing platform exists under elevated to approximately 800 mile while the
this condition. All eight stakes must be emplaced weapon is lowered and the firing platform is
before charge 7 is fired. emplaced.

(1) The USAFAS had determined that the
fastest method of emplacing and laying the M102 Note. Elevating the M102 howitzer to 800 mile is
is as follows: Bring the weapon into position 3,200 required primarily for safety reasons but is also
mils from the primary direction of fire, lower the required to prevent damage to the weapon during
weapon onto the firing platform, drive the front emplacement As stated in the user's manual, the
stakes, traverse the weapon 3,200 mils, and then stakes must be driven from the front ofthe weapon

( begin laying operations and drive the remaining to prevent damage to the carriage and fire cont ol
stakes, instruments.
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(1) To resolve the problem, the US Army
Armament Command tested a miniature-shaped
charge, known as the jet tapper, for blasting holes
in rocky or frozen ground. The hole facilitates the
driving of special steel forged stakes which are

N also programed for issue. The jet tapper is fired by
.K . - _ . means of a detonating cord strung through a

- " "traverse hole on the charges. There are no
fragmentation or pressure hazards to personnel
and equipment 40 feet from the charge.

- (2) There is little doubt that your immediate
-. reaction, like that of many field artillerymen at the

USAFAS, is skepticism. Questions like "Can a
charge of this nature be detonated within a battery
position?" or "What are the safety factors

.ZJ '~involved?" plus more questions concerning the jet
tapper have been raised. The jet tapper has not
been accepted by the field artillery community;

Figure 4-10. Lowering the suspension assembly. however, feasibility tests and demonstrations will

be conducted to determine if we, ,s field
(2) This USAFAS recommended emplace- artillerymen, can live with such devices.

ment procedure has been found to be faster, more
accurate, to cause less damage to the weapon, and d. For those of you who are currently having
to be safer than other procedures that have been M102 emplacement problems on frozen or rocky
tried. When this procedure cannot be utilized, ground, Armament Command engineers have
common sense should prevail, devised a method of cutting down the current

b. Two stakes have been produced for 24-inch stakes (fig 4-11) to 15 inches. These
empacingtes hngpl a 3nc e for modified stakes can generally withstand theemplacing the firing platform-a 38-inch stake for driving force required to penetrate frozen or rockysandy/soft terrain, a 24-inch stake for normal gonadbcuete r hrewl eur

terrain. (Note. Units stationed in cold areas have ground, and because they are shorter, will requirebeen authorized to cut some stakes down to 15 + less emplacement time and depth penetration.
inches.) This modification can be made at theorganizational level. The only tools required are a

c. The problem of emplacing the M102 on rocky hacksaw to cut and taper the stakes and a grinder
or frozen ground is caused by the difficulty or file to sharpen the edges as required.
involved in driving the stakes. The problem has
existed since the weapon was first introduced and e. The stakes should be driven to a depth at
has resurfaced because of the issue of the M102 to which the next to top lip is flush with the firing
Korea-based units. platform as shown in figure 4-12.

3-7/8"

GRIND SHARP EDGES
AS REQUIRED

15" ± 1/8"

Figure 4-11. Modified (short) stake.
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DEPTH OF STAKE -
WEAPON IN FIR ING POSITION

PLATFORM

GROUND

Figure 4-12. Firing stake emplacement.

4-8. March Order of Firing Platform do not simply replace it with a nail or similar item.

a. To march order the firing platform, elevate When repairing the actuator crank, always use the
the tube to 800 mils elevation. Traverse the proper shear pin.
howitzer so that the cannoneers have access to the b. Personnel should be aware of an extreme
stakes in front of the platform. Using the stake safety hazard that involves the failure of the wheel
extractor and the sledge hammer as a fulcrum, actuator assembly (item 2, fig 4-4) during
extract the front stakes as shown in figure 4-13. emplacement or march order of the firing
Traverse the howitzer and repeat the procedure platform. Simply stated, the problem is thata gear
until all stakes have been removed. Unlock the failure within the assembly often permits the
hand brakes on the wheels. Place actuator crank howitzer to drop into the firing position. If the
on actuator gear shaft and turn handle clockwise cannoeer operating the crank assembly has his
to raise pla'form. Lock wheels with hand brakes foot under the firing platform when the failure
and install suspension locking pins. Depress the occurs, his foot will be crushed; if the tube is
tube and secure travel lock in locked position. elevated less than 800 mils and a cannoneer is

under it, his head may be split open.

(1) Investigations to isolate the failing wheel
actuator assembly component are still underway,
but certain assemblies have been identified as
those most likely to fail. In order to prevent
personnel injuries during M102 emplacement or
march order, you should insure that your
personnel comply with the provisions of the M102
user's manual. Unnecessary personnel should
stand clear of the weapon during emplacement
until the firing platform is on the ground. The
cannoneers emplacing the weapon should exercise
caution to keep their feet clear of the firing

Figure 4-13. Extracting the firing stake. platform. Just as important, the weapon tube
should be elevated to approximately 800 mils. The
same procedures apply during march order

WARNING: On the actuator crank is a shear pin operations until the suspension travel lock pins
made of soft metal that is designed to break if too have been installed.
much pressure is applied to the actuator as the (2) Until the problem involving failure of the
firing platform is being raised. If this pin breaks, wheel actuator assembly has been resolved, TM
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9-1015-234-12 and TM 9-1015-234-10 also require elevation handwheel is 1/ turn.
that the user conduct a preventive maintenance b. Purpose. The purpose of the elevating
check on the assembly as part of the before- and mechanism is to raise and lower the tube to
after-firing checks. The test is spelled out in table achieve various ranges to targets, thus lending
3, Monthly Preventive Maintenance Checks and flexibility to the howitzer.
Services, in the user's manual. If the wheel
actuator assembly of your weapon fails, you must e. Components. Components of the elevatingmodfyteapropiatdirctsppotunt(DU) mechanism assembly (fig 4-14) are amodify the appropriate direct support unit (DSU) counterbalne elevation handwhel, upper and
to make repairs and you should submit an couerbaance elevatio hnobeek ueriand
equipment improvement recommendation (EIR) lower gear housing, a clutch (no-back device),
on DA Form 2407. If at all possible, find out from bevel gears, a pair ofshaftse that ar connected by a
your DSU who manufactured the faulty actuator coupling, a drive shaft assembly, and a pairofball
assembly and include that information on the screw housings (fig 4-14). The upper gearhousing,
EIR which contains a pair of mating bevel gears and

the clatch, is mounted to the box trail directly in
4-9. Elevating Mechanism front of the right trunnion bracket. The lower gear

a. Description. The M102 employs the concept of housing is bolted to the box trail in front and below
rear-mounted trunnion elevation. The elevating the upper gear housing. The elevating handwheel
mechanism is the ball screw type that employs a is connected to the drive shaft assembly through

bevel gear train, the clutch, a set of bevel gears, the two shafts with
connecting coupling, and a bevel gear, which

(1) Total elevation is from 0 to 1,333 mils on engages the drive shaft assembly bevel gear. (The
level terrain, no-back clutch device makes the gear action

(2) Total depression is from 0 to -89 mils on irreversible.) The drive shaft assembly, which is
level terrain, mounted in the box trail, is composed of a pair of

shafts with attached bevel gears, a coupling shaft,
(3) Each complete turn of the handwheel and a clamp. The bevel gears of this shaft

moves the tube 10 mils. assembly engage the mating gears in each of the

(4) Maximum allowable backlash of the ball screw housings (fig 4-14). The forward or

3

2 1

1-Elevation handwheel 5-Elevation cylinder base
2-No-back clutch 6-Uppergear housing
3--Bevel gears 7-Lower gear housing

4--Driv shaftFigure 4-14. Elevation drive train. (
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1-Screw-type cylinder 3-Housing base
2-Ball bearings 4-Hinging point (bolted to cradle)

Figure 4-15. Ball screw housings.

upper extremes of the ball screw housings are mechanism. No adjustment of the equilibrators
pinned to the forward portion of the cradles and can be made at organizational level.
brackets assembly. The large compression helicalsprings, which encircle each ball screw housing, c. Function. As the tube is depressed, thesprings whihencire eachballorew hequilibrator springs are compressed and energy is
serve as pusher-type equilibrators, stored to assist in elevating the tube at a later time.

d. Functioning. When the elevation handwheel
is turned., Lte direction of the flow of power is d. Maintenance. There have been some reports
chaih...d and transmitted to the telescoping from the field that units are experiencing problems
elevation cylinders. The elevation cylinders with the equilibrators (fig 4-16). Indications are
telescope in a screw-type fashion, with the ball that the equilibrators lock or creep and thus fail to
bearings reducing the friction between moving maintain the tube at the correct elevation.
metallic parts. As the cylinders telescope, the
upward pressure is exerted on the cradle to elevate (1) Little information on the cause of the
the tube. equilibrator problem is currently available.

Further information, through EMIa from the users,e. Maintenance. The elevation cylinders will be is needed; however, investigation into the problem
lubricated monthly by organizational areahasbeeninitiated.Twooftheprobablecauses
maintenance. Baclash of the handwheel must be of the equilibrator problem are the lack of
checked periodically; if it exceeds 1/12 turn, the lubrication and the plugging of the drain holes. A
direct support unit must be notified. The drain hole is located in the lower housing on the
handwheel grease fitting will be serviced monthly underside of each equilibrator. The drain holes arewith GAA. being enlarged to reduce the possibility of
4-10. Equllibotors plugging, but you must insure that the holes

a. Type. The M102 utilizes open-spring remain clear. The drain holes can be cleaned withpusher-type equlibrator iz a thin wire. Then, the equilibraton can be cleaned
and lubricated with general purpose lubricating

b. Purpose. The purpose of the equilibrators is to oil. The M102 lubrication order, L09-1015-234-10,
reduce the manual effort required to elevate the 1 June 1975, requires that organizational
tube due to the rear-mounted trunnions, and thus maintenance personnel accomplish this
to relieve some stress from the elevating lubrication on a monthly basis; however, the
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OPEN SPRINGS
REMOVING THIS 3116 INCH
FILLER PLUG OR IT WILL
STRIP OUT.

Figure 4-16. M102 open spring pusher-type equilibrators.

lubrication instructions prescribed in note 5 on the f) Depress and elevate the cannon three or
lubrication order have been found to be four times throughout the elevation limits to
inadequate. Personnel should lubricate the thoroughly lubricate the equilibrator ball and
equilibratore according to the instructions in (a) screw assemblies.
through (f) below. (These instructions will be (2) The grease fitting located at the top of each
incorporated in the next change of the lubrication equilibrator must be lubricated with GAA
order.) monthly.

(a) Elevate the cannon to 1,200 mils.

(b) Use a thin wire to clean the drain hole at
the bottom of each equilibrator. 4-11. Traversing Mechanism

Note. Failure to clean the drain holes will result a. Type. The type of traverse is pivot and socket.
in improper lubrication of the equilibrators. The pivot is attached to the carriage and fits in the

socket of the firing platform (fig 4-17). When the
(c) Being careful to avoid stripping the weapon is in the firing position, the socket

plugs, remove the 3/16-inch filler plug from the supports the weight of the carriage by providing a
top of each equilibrator. bearing surface in which the pivot rotates during

(d) Using a hand oiler, add 1 pint of traverse (fig 4-17). The total amount of
general-purpose lubricating oil to each on-carriage traverse is 6,400 mils. The traversing
equilibrator and allow the weapon to stand until mechanism on this weapon is the bevel gear type
oil seepage from each drain hole stops. with a roller tire.

(e) Being careful to avoid 6tripping the b. Purpose. The traversing mechanism controls
plugs, replace the 3/16-inch filler plug at the op of the movement of the weapon in azimuth so that r-.
each equilibrator. rounds can be rapidly delivered over wide fronts.
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CARRIAGE

FIRING
PLATFORM

Figure 4-17. Traversing mechanism pivot and socket.

c. Components. Components of the traversing lubricated semiannually by DS or GS
mechanism (fig 4-18) are a handwheel, bevel maintenance personnel (LO 9-1015-234-10).
gears, a flexible shaft, a connecting shaft with When the weapon is to be shifted over 200 mils the
U-joints, helical gears, an axle, and a roller tire cannoneers will use the trail lifting handles to lift
filled with solid foam. the trail and shift the direction of the tube. This

d. Functioning. The traversing handwheel prevents undue wear of the traversing mechanism.
transmits power to the roller tire through the bevel The roller tire should never be dragged on the
gears, shafts, U-joints, and helical gears (worm ground. The maximum allowable backlash of the
and worm wheel). The handwheel housing is traversing handwheel is 1/12 turn. If this
secured to the left side of the trail, the bevel gears tolerance is exceeded, the deficiency will be
change the direction of the flow of power. The reported to DS or GS maintenance personnel. Field
flexible shaft, mounted inside the left side of the units have indicated some problems with the
box trail eliminates the need for a series of rigid traversing mechanism (fig 4-18); however, all
shafts and U-joints. The helical gears in the trail known failure problems have been corrected.
crossmember make the mechanism irreversible; Failure of the gearbox, caused by large trail shifts,
i.e., the weapon cannot be traversed by moving the was corrected by means of a stronger gearset and
roller tire. The wheel moves the tube 21 mils. The additional support bearings. The only other
tube moves to the right when the handwheel is reported problem concerned wearing of the lockng
rotated to the right and moves to the left when the pin holes in the universal joints. This caused
handwheel is rotated to the left. excessive backlash in the mechanism. This

e. Maintenance. The Itraversing mechanism problem was corrected by an improvement in the
mechanism universal joints.

Section Ill. BARRELS AND BREECH ASSEMBLIES

4-12. Bnel Ammbly meters per second.
a. Type. The M137A1 tube is a 105-mm cannon (5) Lands and grooves-36.

that fires semifixed ammunition and has the (6) Rifing-increasing right-hand twist of
following characteristics and capabilities: one turn in 35 calibers to one turn in 18 calibers.

(1) Caliber-10-mm, or 4.13 inches between (7) Maximum range-11,500 meters.opposite lands. ()Mxmmrne-l5X ees
opposite ng .4 i(8) Rate of fire-maximum, 10 rounds per(2) length-124.40 inches, or 30 calibers. minute for the first 3 minutes; sustained, 3 rounds

(3) Length of rifling (bore)-ll0 inches. per minute, thereafter.
(4) Muzzle velocity-approximately 494 (9) Weight-900 pounds.
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1-Traversing handwheel 6-Helical gears
2-Bevel Gears 7-Axle
3-Flexible shaft 8-Roller tire
4-Connecting shaft 9-Box trail
5-Universal joints 10-Roller tire supports

Figure 4-18. Bevel gear roller tire drive train.

b. Construction. The tube is made from an alloy process in which heat and expanding gases
steel ingot, which is poured and then hot-forged weaken the metal in the tube and breech and
into a cylindrical shape by means of a reduce the tube and breech life. The remaining life
high-pressure press. A hole is then bored through of a tube can be determined by converting the
the center, the outer surface is rough-turned, and rounds fired to equivalent full charge (EFC)
the barrel is machined. The inside of the barrel is rounds and subtracting the EFC rounds fired from
machined with a bore guidance system that the EFC life of the tube. An EFC is equal to the
insures the straightness of the tube to within 0.005 firing of charge 7 (maximum charge for the M102).
inch throughout its entire length. During this When any other charge (1 through 6) is fired only
sequence of machining steps, the tube is O.l0 EFC is exhausted. Table l shows the tube and
permanently prestressed by hydraulic pressure in breech life and the EFC factors for the 105-m
a process known as autofrettage. howitzer M102.

c. Tube life. Each round of ammunition .ired d. Exteriorcomponents.Theexteiorofthetub
through a cannon tube causes wear and erosion of is threaded at the breech end. The threaded end of
the tube, which gradually changes the dimensions the tube is screwed into the breech ring, and the
of the bore. For most gun tubes and some howitzer front face of the breech ring has a threaded section
tubes, the extent of wear determines the remaining that screws into the rear yoke of the recoil
life of the tube. In addition to causing wear and assembly. As the tube is fitted into position, two
erosion, each round fired produces metal fatigue, a semicircular disks (the cannon ring) m wedged
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Table 4-1. Condemnation Criteria for Tubes and Breech Assemblies

Major Item Cannon Tube EFC Lie of Tube EFC Factor Breech Life

105-mm howitzer M102 M137 ....

105-mm howitzer M102 M137A1 (M137E1 5,000 rounds Charge 7 = 1.00 Originl and 3 tubes
Charge 1-6 = 0.10

*For special information on cannon tube M1 37, see TM 9-1000-202-10 and special notes concerning inspec,
tions to be made of the original tube.

and bolted between the tube and the second yoke to tapered portion forward of the powder chamber
secure the forward portion of the tube. The that causes that projectile to center itself in the
tube-locking key secures the tube to the breech, bore during the loading operation.
and the breech mechanism key secures the breech (5) Powder chamber. The powder chamber is
to the recoil mechanism. Four punchmarks are that portion of the bore designed to receive the
stamped on the face of the muzzle end of the tube powder increments that are contained in the
1,600 m apart at the vertical and horizontal axes. cartridge case.
The front boresights are placed on these
punchmarks for boresighting. (6) Breech recess. The breech recess is formed

e. Interior components. The interior in the interior of the breech ring and is designed to
e.Inerircomponents. (fetarentero receive the breechblock, which affords a means ofcomponents (fig 4-19) of the tube are the same as mechanically opening and closing the rear of the

those of other weapons that fire semifixed aniclly opeing and firing the eaon.

ammunition and are described below in the order assembly for loading and firing the weapon.

of their location, from muzzle to breech. f. Functioning. When the semifixed round is
(1) Counterbore. The counterboreis formed by loaded into the M102 tube, the round is centered by

reboring the muzzle end of the tube a the centering slope and the forcing cone engages
predetermined distance to increase the muzzle the rotating band of the projectile to form a
diameter. The reboring consists of removing the gastight seal. The powder cannister fits snugly
lands from that portion of the tube. The purpose of into the powder chamber. As the round is fired, the
the counterbore is to relieve stress when the hot gases created by the burning powder cause the
weapon is fired. This is done to prevent cracking of powder cannister to expand and form a gastight
the tube. seal to the rear of the projectile. This is called

(2) Main bore. The main bore is the entire rearward obturation. Since there is a gastight seal
rifled portion of the bore. The rifling is of between the rotating band of the projectile and the
increasing right-hand twist design. When the forcing cone of the tube (forward obturation), the
round is fired, it turns at a rate of one turn per 35 expanding gases force the projectile toward the
calibers. When it reaches the end of the tube, it is muzzle of the tube. The rifling twists in a
turning at the rate of one turn per 18 calibers. right-hand direction increasing from one turn per

(3) Forcing cone. The forcing coe is the rear 35 calibers to one turn per 18 calibers and thus
portion of the main bore formed by tapering the imparts a clockwise spin to the projectile as it

rear of the lands. The function of this forcing cone leaves the tube.
is to allow the rotating band of the projectile to be 4-13. Breech Ring
engaged gradually by the rifling, thus insuring the a. General. The breech ring is mated to the tube
proper seating of the projectile. prir to installation of the weapon. The breech ring

(4) Centering slope. The centering slope is the is the component that houses the breechblock. The

GAS CHECK SEAT (WEAPON USING SEPARATE-LOADING AMMUNITION)
.POWDER CHME

BREHFORCING CONE MAIN BORE (RIFLING)

ENTERING SLOPE COUNTERBORE

Figure 4-19. Cross sction.

4-15



breech recess is the open portion of the breech ring value is as great as 5 mils. Problems involving the
that allows the breechblock to be opened and embedded correction are discussed in (1) through
closed. The breech mechanism key locks the (5) below. You should read and understand all the
breech ring to the recoil mechanism; the tube information presented before initiating any
locking key locks the breech ring to the howitzer corrective action.
tube. The breech ring is flat on the top to facilitate (1) The embedded correction is used whenever
zeroing the tube and leveling the trunnions. These it is necessary to level the tube during fire controlfunctions are covered in the discussion of alinement tests or when the elevation checks and
boresighting in paragraph 26. adjustments are conducted on the fire control

b. Breech life. A breech ring may be retubed instruments as explained in TM 9-1015-234-12. If
three times after the original tubing; then it is the value stamped on the breech is preceded by a
considered unserviceable, plus sign (+), the numerical value is added to the

c. Embedded correction. An embedded MiA1 gunner's quadrant reading. If the value
correction, also known as a breech correction stamped on the breech is preceded by a minus sign
factor, appears on most current field artillery (-), the numerical value is subtracted from the
weapons. This correction factor is stamped on the quadrant reading. An embedded correction with
howitzer breech, normally between the breech neither a plus sign nor a minus sign is considered
elevation leveling plates (fig 4-20), and represents to be a positve (+) value. The embedded correction
the angular difference between the tube bore must be used during tests of fire control
centerline and the elevation leveling plates on the instruments because it is that value that actually
breech. This difference is caused by levels the howitzer tube. Failure to compensate for
manufacturing tolerances, and the value varies the embedded correction will allow misalinementfrom weapon to weapon. On most field artillery of the fire control instruments on the weapon being
weapons, this value is generally less than 1 ril. checked.

However, on the M102, in some instances, this (2) During investigations involving the

LEVELING)/ PLATES

EMBEDDED ORRECTION

Figure 4-20. Location of breech-leveling plates and embedded correction.
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accuracy of fire with the M102, it was determined mechanism does not change the value of the
that in most instances using units were not embedded correction greatly, it does make the
considering embedded corrections under any value stamped on the breech erroneous.
circumstances. The case was determined to be a

lackof udertandng ecaue te us of(4) As a user, you should take two actions
embedded corrections was not explained in the involving embedded corrections.
M102 user's manual. Change 9 to M102 user's (a) First, you must have your DSU verify
manual incorporates the use of embedded the embedded corrections stamped on your
corrections into the manual text; however, that weapons. If your DSU does not currently have the
change will not solve the total problem because the equipment necessary to accomplish this action,
embedded corrections on most M102s are request that the DSU contact the local Armament
erroneous. Command maintenance representative. This

(3) The embedded correction is not a constant representative has, or can obtain through his
value. It will change whenever the howitzer tube, channels, a tube-leveling fixture that will allow
breech, or recoil is changed. Nearly every M102 in your DSU to accurately level each howitzer tube
the inventory has had a tube, breech, or recoil and determine the accuracy of the embedded
change since the weapon was introduced into the correction.
inventory. However, the direct support units that (b) Second, be sure that you understand the
accomplished these changes did not have the use of embedded corrections and that you use the
equipment to accurately level the tube and correct value when you level the tube during fire
measure the new correction value. Therefore, the control alinement test or during the elevation
DSUs did not change the embedded corrections. checks and adjustments prescribed in the user's
Additionally, an M102 that has not had a tube, manual, TM 9-1015-234-12.
breech or recoil change can still have an erroneous (5) The ultimate goal is to eliminate the need
embedded correction because of the weapon for embedded corrections. What is being
system manufacturing procedures. During fombeded torchie t hat is being
manufacture, the tube and breech are mated, the accomplished to achieve that goalis also a twofold
embedded correction is determined, and that value process:
is stamped on the breech. Later, the tube and (a) First, cannon engineers have developed
breech are mated to the recoil and carriage without the tube-leveling fixture (fig 4-21) mentioned in
a measurement of the embedded correction. (4)(a) above. This device, as its name implies, is
Although mating the tube and breech to the recoil used to level the howitzer tube. This fixture is

I ADJUSTING KNOB
2 LEVELING VIAL
3 LEVELING VIAL HOLDER UN TUBE BORE LEVELING FIXTURE
4 MAGNET TUBE STOP
6 ADJUSTABLE SHOE
6 FIXED SHOE
7 QUADRANT SEAT
6 ADJUSTING HOLES

3 2

Rium 4-I1. Tube bore w euln fixeawe.
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simple and rugged, requires little maintenance, self-propelled howitzer; the M198, and the XM204
can be used with all calibers of current field 105-mm soft-recoil howitzer, all of which undergo
artillery cannons, and is used in conjunction with tests at various stages of development within the
the MIA1 gunner's quadrant. The significance of US Army materiel acquisition system. If the
the tube-leveling fixture is that it eliminates using leveling plates prove successful you will be able to
the breech as the reference point in tube leveling level your howitzer tube by using only the MiAl
and thus eliminates the need for embedded gunner's quadrant without any correction factors.
corrections. The USAFAS has recommended that
one tube-leveling fixture be issued to each field 4-14. Barrel and Breech Maintenance
artillery battery and to each direct support unit. a. Cleaning.
Plans call for the fixture with instruction for its use
to be issued as soon as sufficient quantities can be (1) The tube, breech, and all firing parts
manufactured. should be cleaned with rifle bore cleaner (RBC) the

day of firing and for 3 consecutive days after
(b) The second step in the elimination of firing, for a total of at least four cleanings. After

embedded corrections resulted from disatisfaction each cleaning, a coating of rifle bore cleaner
expressed by members of the USAFAS toward the should be left in the tube overnight. If the weapon
introduction of the tube-leveling fixture. is not to be fired within 24 hours after the foirth
Arguments were that the tube-leveling fixture was cleaning, it should be wiped dry, inspected, and
another tool that would require some type of lubricated with oil, as described in LO
calibration and that it would increase the 9-1015-234-10-.
proliferation of equipment at battery level. At the
same time, members of the USAFAS became (2) If the tube continues to sweat after the
aware of a process being developed whereby fourth cleaning, cleaning should be continued
leveling plates could be machined on the howitzer until the sweating stops. Sweating is evidenced by
tube. The process was only beginning its initial condensation of moisture on the inside of the tube.
testing but could eliminate the need for embedded (3) When the weapon is not being fired, the
corrections and the tube-leveling fixture. The tube should be cleaned with rifle bore cleaner
tube-leveling plates are machined on the forward (RBC) weekly and then wiped dry, inspected, and
position of the tube to correspond to the centerline reoiled as described in (1) above.
of the tube bore (fig 4-22). There are many b. Cleaning solutions.
questions regarding the feasibility of the process;
among these is the question of whether the (1) Rifle bore cleaner. Rifle bore cleaner
leveling plates could cause early tube failure. evaporates at 1500 F. If you can place your bare
However, to insure that the process is fully hand on the tube without being burned, the tube is
investigated, the USAFAS has requested that the cool enough to clean. Rifle bore cleaner is not a
plates be applied to the M11OA1 long tube, 8-inch lubricant, but it is a rust inhibitor effective for 24 to

Figure 4-22. Proposed positioning of tube leveling plates.
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48 hours. Rifle bore cleaner should never be figure 4-23; the breechblock components are
diluted. shown in figure 4-24.

(2) Alternate solution. When rifle bore cleaner d. Functioning.
(RBC) is not available for cleaning the tube, an
alternate solution of 1A-pound of castile or GI soap (1) Opening the breech. To open the breech,
dissolved in a gallon of hot water may be used. Hot depress the handle latch and rotate the handle.
water is preferable because it will dissolve soap (a) Rotation of the handle transmits motion
more readily. The tube should be cleaned while it is through the breech operating shaft to the breech
still hot so that the solution will wash the primer operating crank and torsion spring.
salts from the pores of the metal. The cycles (b) The breech operating crank rotates

described in a above should be used in the cleaning downward, moving the pivot downward in the
process, except that the tube must be rinsed, dried, T-slot of the breechblock to lower the breechblock
inspected, and lubricated after each daily into the open position.
cleaning. (c) Camming grooves in the sides of the

c. Reducing tube wear. breechblock lower the ends of the extractors

(1) Corrosion, or rust, is a chemical rapidly, causing the extractor lips to extract and
decomposition of tube metal, caused by moisture eject the empty cartridge case.
being withdrawn from the air by hygroscopic (2) Cocking the firing mechanism.
primer salts deposited in the tube by firing. To stop
tube wear caused by corrosion, clean the tube with (a) As the breechblock is opened, the
rifle bore cleaner immediately after firing and for 3 cocking lever is cammed rearward by the camming
consecutive days thereafter or until sweating surface on the left walh of the breech recess in the
ceases. breech ring.

(2) Erosion is the wearing away of the tubeby (b) Rotation of the cocking level is
the escape of propelling gases (known as gas transmitted to the cocking mechanism.
wash) around the rotating band at the instant of (c) The firing pin guide is forced to the rear
firing. It is also caused by friction. Erosion can be by the cocking mechanism, and the firing spring is
reduced by- compressed.

(a) Using the lowest charge commensurate (d) As the firing pin guide approaches the
with the mission. cocked position, a sear lug on the guide passes

(b) Using the lowest rate of fire through a notch on the sear.
commensurate with the mission. Never exceed (e) When the sear lug has passed through
maximum/sustained rates of fire. the sear notch, the sear spring expands, rotating

(c) Letting the weapon rest 10 minutes per the sear to retain the firing pin guide and firing pin
hour. The rest periods should be used to clean and in the cocked position.
maintain the weapon. (f) The cocking mechanism is returned to its

(d) Swabbing the tube with cold water original position by the cocking lever spring when
during lulls in firing. the breech is closed.

(e) Cleaning the ammunition before (3) Closing the breech.
loading. (a) When a round is inserted into the

CAUTION: The bore should be completely dry chamber, the rim of the cartridge case engages the
before firing. This reduces the erosion factor, since extractor lips and pushes them forward.
all foreign matter will be removed by wiping the (b) The extractors are forced off the flats of
bore dry. the breechblock, unlocking the breech.
4-15. Breechbiock and Breech Mechanism (c) Manually rotating the handle assembly,

a. Type. The breechblock is a vertical sliding which is pinned to the handle assembly shaft,
wedge which must be opened and closed manually. actuates the operating crank.
The mechanism uses a series of shafts, bevel gears, (d) The arm of the breech operating crank
cranks, and a pivot to raise and lower the rotates upward, slides the pivot in the T-slot of the
breechblock. breechblock, and thereby raises the breechblock to

b. Purpose. The purpose of the breechblock and the closed position.
breech mechanism is to allow the rear (breech) of (4) Firing.
the tube to be opened for loading. (a) Actuation of the firing mechanism

c. Components. The components of the breech causes the firing pawl to engage the firing plunger
operating group (breech mechanism) are shown in and forces the firing plunger to rotate the trigger.
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*I1-Breech assembly ring 18-5/16 x 21/ spring11pin
2-% x 11,4 socket head cap screw 1 9-Breech crank assembly pin
3-- lock washer 20-Breech operating crank shaft
4--Stop assembly 21 -Breech ring bracket
5--Compression helical spring 22-/2 x 1I1h socket head cap screw

*6--Firing plunger 23- Y lockwasher
7-Bushing 24-Breechblock crank stop
8-Handle assembly 25-Detent
9-% x 1 A spring pin 26-Detent plunger

10O-Stop bracket 27-Compression helical spring
11-Handle assembly shaft 28-Plunger adjustor spring
1 2-Spring pin 29-Breechblock operating crank
1 3--Retaining ring 30-Pivot
1 4--Self-locking screw 31-Torsion helical spring
15--No. 8 lockwasher 32-Closing mechanism plunger
1 6-Gear assembly cover 33-Closing spring shaft
1 7-Matched bevel gear set and machine key 34--Closing spring adjustor

(not shown) 35--Breech crank assembly pin
PFgawe 4-23. Breech operating aroup-expoded view.

(b) The trigger, which is engag~ed with the primer instantaneously by the pressure of the
ser, rotaes the sear, compresses the sear spring, small compresion helical spring (firingf pin
and disenages the mear lug; then the compressed spring) that is applied to the firing atop. The entire
firing spring drives the firing[ pin forward to strike inertia percussion firing mechaniam is not

the pimerretracted until the coking action ocur when the
(The fiin pin is retracted from the breech ii opened once again.
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1 -Cocking lever 8-Percussion mechanism
2-5/16 x 11/4 spring pin A-Firing pi ,taining ring

3-Torsion helical spring B-Firing pin
4-Breechblock body C-Compression helical spring, 121/2 coils

5-Firing trigger D-Firing stop

6-Sear E-Firing pin guide
7-Torsion helical spring, 101/2 coils F-Spring pin

9-Compression helical spring. 14 coils
1 O-Retainer
11 -Retractor
12-Bushing

Figure 4-24. Breechblock group-exploded view.

(d) When firing the M102, insure that the detent plunger and the plunger housing bushing

assistant gunner holds the lanyard until the tube wear and allow the firing mechanism pawl to drop

has returned to the in-battery position. If he does and catch on the recoil mechanism yokes during

not, the lanyard could flip between the tube and firing (fig 4-25). M102 maintenance engineers
cradle as the tube returns and thus crush the have completed tests on new items that will

lanyard handle and wedge the lanyard in the greatly reduce the wear rate. These new items will

cradle. A vertical sliding wedge type of breech be incorporated into new production, overhaul,

mechanism has two inherent safety features. and spare parts in the near future. However, until

First, if the breechblock is not fully closed, the these new items are available, you should

firing pin cannot strike the primer; second, if the regularly inspect the firing mechanism for

tube is out of battery -inch or more, the firing excessive wear. To determine the extent of wear,

pawl cannot move the firing plunger rearward measure the clearance between the firing

enough to actuate the firing mechanism. mechanism pawl and recoil rear yoke. If the
clearance is less than 1/16-inch, notify your direct

e. Maintenance, support unit which will replace the plunger
(1) Instructions for cleaning the breech are housing bushing. This will prevent you from

presented in paragraph 15. possibly having a deadline weapon or having

(2) The M102 firing mechanism is extensive damage to the firing mechanism.

experiencing a high failure rate in that it breaks or (3) Reported malfunctions of the M102 breech

is bent during firing operations. The cause of this are expected to be eliminated by improvements

problem has been determined to be wear. The included in the product improvement package
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CAUSES PAWL
TO DROP

DIRECTION OF
RECOIL

PAWL CONTACTS REAR
RECOIL MECHANISM

HAE SUPPORT UNIT REPLACE BUSHING WHEN
CLEARANCE IS 1/16 IN1CH OR LESS WERE

PAWL CONTACTS EDGE OF RECOIL MECHANISM
YOKE WHEN RECOIL RETURNS TUBE TO

IN BAI TE RY POSITION CAUSING
DAMAGE TO THE FIRING

MECHANISM

Pgure 4-25. Fanng mechanism.

4-22



discussed in paragraph 27. However, one potential
problem area, currently under investigation, is of
concern to M102 field units because it involves the
weapon system accuracy. The M102 breech has a
slight wobble. This problem has only recently been
detected, and its full effects are not known. Itis not
considered to be a significant problem, but when
considered with the embedded correction area of
investigation (para 14), it reinforces the plans to
eliminate the M102 breech as the reference point
for fire control instruments by use of the tube
leveling fixture (para 14c(5)(b)) and then the
wobble will not create any problem for fire control
alinement tests.

f. Removal of breechblock from breech ring. (6) Pull back the coc][ing lever (1). Remove the

(1) For easy removal of the breechblock, place percussion mechanism 5p.
the weapon in firing position.

(2) Inspect the chamber and bore to see that
they are clear.

(3) Pull the lanyard to fire the weapon.

- (7) Elevate the cannon to approximately 1,200
mils.

(4) Close the breech and check to see that the
breech handle()is in the locked position.

3 (8) Facing the uderside of the cradle, depress
the detent lunger 6(,and move the breechblock
crank stop C7(to the right (unlock) position.

(5) Press in on the spring retainer(and
rotate it 1,600 mile in either direction to remove the
retainer and the percussion spring).

Note. If the weapon had not been fired ((3)
above) the percussion spring would be under too
much pressure and removing it could possibly
cause injury.

4-23



AD -A23 077 FIELD ARTILLERY CANNON WEAPONS SYSTEMS AND AMMUNITION L
E HANDBOO (U) ARMY FIEL ARTILLERY SCHOOL FORT SILL OK -r
D EC a8I

UNCLASSIFIED F/G 19/1 NL

mmmmmmimun
m~iII~iluemIIIIhhl
IlE-EEEEEEE~lE
EEllllEEEE-ElE



- 5 "Igo,= .
1.8

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-I963-A

-4.

dI

,J1



(9) Lower the cannon to 600 mils.
(10) Using a spanner wrench and a

screwdriver, release tension on the torsion helical
spring. Apply leverage counterclockwise on the
closing spring adjuster8(with a wrencb. Then
depress the closing mechanism plunger9 with a
screwdriver and allow the adjuster to rotate
clockwise and relieve tension on the spring.

CAUTION: Don't turn the adjuster clockwise
more than necessary to relieve tension on the
spring or you may damage the spring.

(12) Place a rag 0) on the carriage to prevent
chipping paint when you lower the breechblock.

(13) With your left hand, grasp the
eyebolt . , and with your right hand, unlatch the
breechblock until it rests on the carriage.

(11) Screw the eyebolt 0(D into the top of the
breechblock.

(14) Remove the extractors 4)
Note. If you can't remove them, try elevating

the cannon just enough to allow removal.
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g. Disassembly of breechblock.
(1) Move the cocking lever 6 to the forward

position and take it out, Remove the cocking lever
spring D from the pivot hole.

(2) Grasp the knob on the retractor and
withdraw the cocking mechanism 4.

(3) Remove the retractor Q from the cocking
13 mechanism bushing by removing the spring pin.

UNDER mm
SIDE OF
BREECHBLOC K

(15) Move the breechblock handle clockwise

and allow the pivot pin @ to disengage from the
slot in the breechblock and remove the pivot pin.

(4) Rotate the sear (a slightly counterclock-
wise, removing pressure from the trigger lug.
Remove the trigger 6.

(5) Remove the sear. If the sear sticks, insert a
finger into the bored hole of the breechblock and
push the sear out.

(6) Insert a fir er nto the sear hole and
remove the sear spring .

-19

/ 20 -

(16) Grasp the eyebolt with your left hand
and lift up on the breechblock. With your right
hand, move the handleTcounterclockwise into 1
the locked position.

Note. Make sure the handle remains in locked
position. h. Assembly of breechblock. To assemble the

(17) Using both hands, lift the breechblock breechblock, reverse the procedure described in
completely out of the breech ring. g(1) through (6) above. Be careful not to confuse the

sear spring with the cocking lever spring. The

4.25
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cocking lever spring is shorter in length than the
sear spring.

i. Installation of breechblock.

(1) Elevate the cannon to 600 mils.

(2) Release the operating handle clockwise
(Qto the open position.

(3) Using the eyebolt( , insert the
breechblock into the breech ring from the top, and
lower the breechblock until it rests on the carriage.
Remember to have a rag on the carriage while
doing this. 2

(4) Ins all the left and right extractor
assemblies ().

(5) Grasp the eyebolt with your left hand,
raise the breechblock slightly and with your right
hand turn the operating handle counterclockwise
until the operating crank pivot444engages the slot
in the breechblock.

(6) Raise the breechblock until the extractors
stop the breechblock.

(7) Trip the extractors by pushing them
forward and close the breechblock. Insure that the
latch is fully locked.

(8) Remove the eyebolt.
(9) Slide the breechblock crank stop )to the

left until it is scured by the detent. ).
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' , operated weapons, these malfunctions rarely

9 '// 10 occur. To avoid inury to personnel and damage toy O [equipment, all personnel concerned must

understand the nature of each malfunction andthe proper preventive and corrective procedures.
Figures 4-26 and 4-27 summarize misfire and

0 check firing procedures.

a. Definitions.
(1) Misfire. A misfire is a failure of a round toIfire after initiating action has been taken. The

failure may be caused by a faulty firing
8(percussion) mechanism or a faulty element in the

itself is not dangerous; however, it cannot be

(10) With a spanner wrench(2), turn the immediately distinguished from a delay inclosing spring adjuster(8cunterclockwise until functioning of the weapon firing mechanism or
the closing mechanism plurneroengages the from a hangfire. Therefore, a misfire must be

first, second, or third detent notch. The proper treated as a delayed firing until such a possibility
notch engagement is determined by the spring has been eliminated.
tension required for easy opening and closing of (2) Hangfire. A hangfire is a delay in the
the breechblock. functioning of a propelling charge explosive train

at the time of firing. The delay, though
unpredictable, ranges from a fraction of a second
to several minutes. Thus, a hangflre cannot be
distinguished immediately from a misfire.

WARNING: In the event that a weapon fails
to fire, keep the weapon trained on the target. Have

10 personnel stand clear of the muzzle and path ofrecoil.

WARNING: When firing is interrupted,
remove the projectile from the chamber of a hot
weapon within 5 minutes of the time it was loaded
to prevent cookoff.

(3) Sticker. A sticker is a projectile that is
lodged in the tube after the weapon has been fired.
Stickers result from insufficient chamber pressure.

(4) Cookoff. A cookoff is a functioning of any
or all of the explosive components of a round
chambered in a very hot weapon due to heat from
the weapon. The primer and propelling charge, in
that order, are generally more likely to cook off

(11) Install the percussion mechanism ((D than the projectile or the fuze. If the primer or the

spring , and retainer 0. Twist the retainer propelling charge should cook off, the projectile
1,600 m in eiter direction to lock, could be propelled (fired) from the weapon with

normal velocity even though no attempt was made
4-16. Safety Procedures to the fire the primer by actuating the firing

When a weapon fails to fire, all personnel mechanism. Should the bursting charge explosive
concerned must follow specific procedures, train cook off, injury to personnel and destruction
depending on the type of weapon being fired and of the weapon could result. To prevent heating to

the condition of the tube (hot or cold). The the point at which a cookoff may occur, a round of
executive officer must know the misfire procedures ammunition that has been loaded into a hot
and must apply the appropriate procedures in case weapon should be fired or removed within 5
of a misfire in order to afford maximum safety in minutes.
the firing battery. Malfunctions in the firing of (5) Hot weapon. A hot weapon is one in which
artillery ammunition, such as misfires, hangfires, the tube and breech have been brought to a
and cookoffs, are defined and discussed in a and b sufficiently high temperature by previous firings
below. When authorized and properly maintained so that they can, in several minutes, transmit
ammunition is fired from properly maintained and enough heat to the round to activate its explosive
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components. When a hot tube condition exists, normally given by the battery executive officer,
specific loading procedures should be followed, however, in an emergency, it may be given by
The executive officer is responsible for anyone present. At this command, regardlessofits
determining whether a hot tube condition exists. source, firing will cease immediately.
In making his decision, he takes into account such
things as ambient temperature, rate of fire, b. Msfire/check fmng preventive or corrective
amount of ammunition fired, and charge fired procedures.
Applicable general loading considerations are as (1) General. Misfire and delayed firings are
follow: not dangerous in themselves; however, two

(a) Do not chamber a round until conditions hazardous to crew and equipment can
develop if the proper corrective procedures are notimmediately prior to fring, followed. First, in the case of either a delayed firing

(b) A chambered round in a hot tube must be or a misfire the weapon may unexpectedly fire. All
fired or removed from the piece within 5 minutes. personnel should, therefore, stay clear of the

(c) If a round has been in a hot tube more muzzle and path of recoil and the weapon shouldthan 5 minutes and a misfire is not involved- be kept trained on the target until the cartridgecase and propellant have been removed from the
1. Remove the cartridge case immedi- weapon. Secondly, in the case of a misfire, if the

ately. round is chambered in a hot weapon, the
2. Evacuate all personnel to a safe possibility of a cookoff exists.

distance.
WARNING: If an explosive round cannot be3. Request assistance from explosive fired or unloaded from a hot weapon within 5

ordnance disposal (EOD) personnel. Release the minutes after being chambered, personnel should
weapon to ordnance if required. be evacuated from the area and explosive

(6) Check firing. Check firing is a command ordnance disposal (EOD) personnel notified.

COLD WEAPON MISFIRE
(Wl) (W2)

CLEARANCE TO FIRE (WI)

REFIRE ATTEMPTSJ

YES FIRES?
CNO tW3)

CHECK PERCUSSIO WI2MINUTES, UNLOAD
MECHANISM CANNISTER, EXAMINE PRIMERI

PRIMER FIRED

FILQYES

REPAIR FIRING MECHANISM LOAD NEW CANNISTER
AND REFIRE AND REFIRE

Legend

C-Weapon cleared.
WARNINGS:
Wi-Misfires must be treated as hangfires until determined otherwise.
W2-1n the event of a misfire, keep weapon trained on target and keep all personnel clear of the muzzle and path

of recoil until the cartridge case and propellant are removed from the weapon.
W3-Evacuate unnecessary personnel.
W4-DO NOT rouse projectiles that have been unloaded from the weapon.

*Note. Powder and cannister will be separated from each other. This is to prevent injury to personnel should
the powder ignite.

Figure 4-26. Misfire procedures for a weapon with a cold tube firing w4fied ammunition.
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(2) Misfire.-cold tube. After the howitzer fails case with a new one and fires the weapon. If the

to fire, actuate the firing mechanism two more executive officer does not wish to fire the round

Itimes in an attempt to fire the piece. Before each after the 2-minute waiting period, the projectile

firing mechanism. If the weapon still fails to fire, breechblock should be closed and rag should be
the chief of section reports to the executive officer stuffed into the powder chamber to cushion the
MISFIRE NUMBER (so-and-so). The chief of shock of the projectile. Using the bell rammer to
section then waits 2 minutes from the last attempt avoid damaging the fuze, the cannoneer pushes
to fire before he opens the breech-the cannister the round out of the rear of the tube. A common
will be tossed to the rear separating the powder cause of misfire with a 105-mm howitzer is that the
from the cannister to prevent injury to personnel breechblock is not fully closed. This will cause the
should the powder ignite-and inspects the primer firing pin to miss the primer. Broken or bent firing
to see if it has been dented. If the primer is not pins will cause misfires, as will wet powder or a
dented, the firing mechanism should be repaired. faulty primer. Figure 4-26 outlines misfire
If the primer is dented, he replaces the cartridge procedures for a weapon with a cold tube.

SHOT WEAPONi

MISFIRE(Wl) (W2) (W3) (W4)

CHECKFIRIN( CLEARANCE TO FIRE (W3T

WEAPON UNLOADED OF MAKEUTWO
WITHIN 5 MINUTES ( REFIRE ATTEMPTS

I)

OD F- YES FR I
[ INO

I SOSEOF AMMO CLCHECK WAT MINUTES
AND FIX PERCUSSION PERCUSSION UNLOAD CANNISTERMECHANISM, IF NEE i MECHANISM EXAMINE PRIMER

WARNINGS:

U N -L APR IM ER FIRED - --

IEVCUTEERSNNLL____ LACECANNSTER l REPAIRRLEAEIRIN
A CpAersl On AND REFIRE WITHIN nfMECHANISM, FIRE/AN AL D MINUTES OF | |UNLOAD WITHIN S

CHAMBERING MIUE OF CHMBERIN]

FIREDOORUNLOAOEO )NS5MINUTESI
NO I YES

OF WEAPON NOT CLEARED WITHIN MINUTES, EVACUATE ALL PERSONNEL
TO A SAFE DISTANCE. KEEP LAID ON SAFE DATA, NOTIFY EOO FOR

PROJECTILE REMOVAL.

md
C-Wespon cleared.

WARNING8:
WIAII projectiles chambered in a hot tube should be removed from the weapon within 5 minutes.

W2-ln the event a projectile is chambered in a hot weapon and cannot be removed within 5 minutes, evacuate
ill personnel and notify E00 for projectile removal.

W3--Misftrs must be treatd as hangires until determined otherwise.
W4-In the event of a misfire, keep weapon trained on target nd keep ll personnel clear of the muztei nd path

t of recoil until the cartridge case nd propellnt re removed from the weapon.

WE--DO NOT ruse projectiles that have been unloaded from the weapon.

A lu m 4- 27. M ifi re P rordw ws for a weapon w ith a ho g t be firn g wn i e anm u m
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(3) Misfire-hot tube. After the howitzer fails rails is not necessary.
to fire, actuate the firing mechanism twO or a.Calirvllc.Thnrdetae oki

times indl anve attemp toe crare trave piece Beoinec
atio n a attempt to fire the gunner Bfre cth located on the underside of the cradle and isaddtioal ttept o fretheguner ecoks he designed to relieve stress on the elevatingfiring mechanism. If the weapon still fails to fin mechanism during travel.
the chief of section reports to the executive officer
MISFIRE NUMBER (so-and-so). The chief of b. Airborne operations. The tube can be slid out
section then waits 2 minutes from the last attempt of battery for airborne operations. When this is
to fire before he opens the breech (see note, fig done, the out-of-battery locking pin must be
4-26), removes the cartridge case, and inspects the engaged through the side of the cradle into the
primer to se if it has been dented. If the primer is sleigh assembly.
not dented, the firing mechanism should be c. Maintenance problems. Korea-based units
repaired. If the primer is dented, he replaces the have reported that snow and ice accumulate in the
cartridge case with a new one and fires the M102 cradle during inactive periods. Later, when
weapon. The above procedures must be this weapon is fired, the snow and ice are
accomplished within 5 minutes after loading; if the compressed and this precludes the weapon from

weapn cnnotbe ire or nloded ithn 5 returning to the full in-battery position. This, in
minutes the following procedures are followed: turn, causes a separation between the firing

(a) Evacuate all personnel to a safe mechanism pawl and the breech firing plunger,
distance. which prevents the weapon from being fired.

(b) Request assistance from explosive (1) Investigations have confirmed that this
ordnance disposal personnel. Release the weapon problem can occur when any type of foreign
to ordnance if required. Figure 4-27 outlines hot material gets into the cradle. Foreign material is
tube misfire procedures. most likely to enter the cradle during inactive

periods or road travel. However, further
4-17. Cradle Assembly confirmation of this problem is required from you,

The cradle assembly (item 9, fig 4-1) holds the the user. If you have experienced this problem,
recolin pats f te tbe. he leih asemly, submit an equipment improvement report. On the

which is attached to the yokes, slides in the baiofyuin tAm etCmad
gunways of the cradle during firing, and thus resongers willermin. h et ehdo
allows the recoiling parts to recoil and reovnthspblm
counterrecoil. The gunways and the rails of the (2) To prevent the accumulation of foreign
sleigh assembly are made of nonfriction metal; material in your weapon, you should tie a piece of
neither component should ever be lubricated. canvas around the cradle during inactive periods
Periodic application of a solid-film lubricant to the or during road travel.

Section IV. RECOIL MECHANISM

4-18S. Purpose, Types, and Components of range of operations from -50 F to +1500 F. The
Recoil Mechanism total capacity of the recoil mechanism is

a. Type of recoil mechanism. The recoil approximately 10 pints, including the reserve.
mechanism employed on the towed 105-mm (2) Pneumatic means that a gas is used.
howitzer M102 is of the hydropneumatic, variable, Nitrogen gas is used because it can be highly
dependent type with floating piston. An compressed without exploding, will not corrode the
explanation of this nomenclature follows: metal parts, and is readily available. The

(1) Hydro means that a liquid is used; this recuperator is precharged with nitrogen pressure
liquid is recoil oil. Recoil oil is a petroleum-base of 1,150 pounds per square inch at 700 Fahrenheit
hydraulic fluid. There are presently three types of (ambient temperature).
recoil oil (011T, OHA, and OHC) authorized for use ()Vral en hr samcaia
in field artillery weapons. OHT is the preferred oil (3)ho ofvaryi mn theet is arechan Tiabcueit provides greater protection against mto fvrigtelnt frci.Ti
caurseo.Teol a emxd oeemxn eliminates the need for digging a recoil pit in order

corrsio. Te ols an e mied;howver miing to fire at high angles of elevation. Under normalshould be avoided if possible, since it may tend to
dilute the protective additives of one or more of the operating conditions, the length of recoil can vary

* ~oils. A recoil mechanism that contains a mixture of fo 0ice o5 nhs
oils should be drained and refilled with the (4) Dependent means that there is a liquid
preferred OHT as soon as it becomes available. All connection for the flow of recoil oil between the (i

three oils are red in color and have a temperature recoil and recuperator cylinders.
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(5) Floating piston means that a free piston buffer. During recoil this function is accomplished
separates the liquid from the gas in the recuperator by the gradual throttling of recoil oil, the
cylinder. The diaphragm portion of the floating compression of nitrogen gas, and the friction of the
piston forms a movable, liquid-tight, gastight moving parts.
seal. (4) To hold the recoiling parts. The howitzer

b. Purpose of the recoil mechanism. The tube must be held in the in-battery position and at
purposes of the recoil mechanism are- all angles of elevation. This is accomplished by the

reserve oil located between the floating piston and
(1) To stop the recoiling parts. The recoil the regulator assembly in the recuperator cylinder

mechanism must absorb and control the rearward (d below). It insures that constant pressure from
thrust of the weapon without excessive the nitrogen gas is applied to the front of the recoil
displacement of the carriage or excessive shock. cylinder to hold the tube in the in-battery position.
This action is accomplished by the throttling of oil
through the orifice (d below), the compression of c. Components of the recoil mechanism. The
the nitrogen gas, and the friction of the moving major components of the recoil mechanism (fig
parts. 4-28 and 4-29) are the-

(2) To return the recoiling parts. The recoil (1) Recoil sleigh assembly. The recoil sleigh

mechanism causes the recoiling parts to return to assembly houses and supports the recuperator
the in-battery position by the expansion of the cylinder, the recoil cylinder, and the cannon. The
nitrogen gas that is compressed in the recuperator sleigh includes four yokes that hold the parts
cylinder during the recoiling phase (d below), together and two rails that slide on the cradle to

guide and support the recoiling parts. The breech
)To prevent shock. The recoiling parts must is screwed into the rear yoke and the cannon is

be returned to their in-battery positiozs without supported by a bearing in the front yoke and a
excessive shock. This is accomplished during the locking ring in the second yoke. The second yoke
last few inches of counterrecoil by a counterrecoil also contains the oil filling valve.

24

1 18 s 21 22 26

7 6

1-Recoil cylinder 14-Recuperator
2-Breather valve 15-0il return ports
3-Recoil piston 16-0il passage
4-Recoil piston rod 17-Regulator
5-Recoil oil 18-Control rod
6-Stuffing box 19-Variable depth groove
7-Cradle gap 20-One-way valve
8--Recoil piston rod nut 21 -Throttling orifice
9-Cotter pin 22-0il reserve

I -Second yoke 23-Diaphragm
11 -- Connecting oil passage 24-Floating piston
12-Recoil sleigh assembly 2S-Nitrogen gas
13-00 index indicator 26-Nitrogen filling valve

Figture 4-28. Hydropneumatic variable dependent recoil mechanism (components).
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(2) Recuperator cylinder. The recuperator supports (brackets, pins, and links) are used to
cylinder (fig 4-28) contains compressed nitrogen suspend the rail above the carriage cradle. The
gas between the floating piston and the rear head. arm connects the rail assembly with the clamp
The front part of the cylinder contains record oil, arm through a knuckle joint arrangement. The
which fills the regulator body and the space variable recoil mechanism is splined to the
betwen the floating piston and the regulator. The recuperator regulator housing.
front head contains the oil index indicator rod and d. Functioning of the recoil mechanism.
the variable recoil housing. A control rod is
connected to the floating piston and slides within (1) Action in recoil. When the howitzeris fired,
the regulator. the force of the expanding gas propels the

recoil cylinder (item 1 projectile out of the bore. This same force also
(3) Recoil cylinder. Theoil can pan 1, reacts against the breechblock and forces thefig 4-28) contains recoil oil, which can pass backre oin pat ra w rd ex pt or he eci

and forth between the recoil cylinder and the recoiling parts rearward, except for the recoil
reuprorbetween r cylinder bymeans nnectg piston in the recoil cylinder. The piston is held
recuperator cylinder by means of connecting from recoiling by the piston rod, which is secured
passages. A recoil piston, which is secured to the to the front of the cradle by the recoil piston rod
cradle by a piston rod, holds this oil and separates nut. As the sleigh moves back in recoil, the recoil
it from air, which fills the rear portion of the oil in the recoil cylinder is forced through the oil
cylinder. A stuffing box prevents leakage of oil passage into the regulator body of the recuperator
past the piston ro. cylinder. The regulator body contains a one-way

(4) Variable recoil actuator. The variable valve and a throttling orifice through which the oil
recoil actuating mechanism (fig 4-29) is a passes, and it acts upon the floating piston
component of the carriage and is composed of a diaphragm in the recuperator cylinder, forcing it
control cam, a cam lever tube, a rail and plate to the rear, further compressing the nitrogen
assembly, a rail support arm, a cam actuating behind the floating piston. As the floating piston
lever, an arm link, a variable recoil mechanism moves to the rear, a control rod that is fastened to
arm, and assembly links. The cam is secured to the the diaphragm is drawn through the throttling
left trunnion cap and is linked to the rail assembly orifice. The area through which oil can flow is then
by an adjustable connecting rod. Two pivoting reduced by throttling the oil gradually through

13>

122

1-Trunnion adapters 7-Rail and plate assembly
2-Control cam 8--Roller support
3-Cam actuating lever (with variable recoil 9-Atuating rail support arm

mechanism rollerj 10-Arm link
4--Cam lever tube 11-Variable recoil mechanism arm
5--Rotating shaft eye bracket 1 2-Regulator
6--Rail assembly link 1 3-Recuperator

Fitgure 4-29. Variable recoil actuating mechanism (components).
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variable depth grooves until the remaining energy principally exhausted in the process of forcing the
of recoil is unable to force the oil to the rear. At that oil through the variable depth grooves. Some of the
time, since the resistance is equal to the force, energy, however, is spent in compressing the
further motion is impossible and the recoiling nitrogen gas and in overcoming the combined
parts are brought to rest. As the weapon is elevated friction of all moving parts. FRgure 4-30 shows the
or depressed, the cam follower is actuated. This flow of oil from the recoil cylinder through the
actuation causes the rculator body to turn. The regulator and the subsequent pressure against the
turning of the regulator body regulates the floating piston, which compresses the nitrogen
opening of the oil passage and determines the gas.
length of recoil. The energy of the recoiling parts is

AIR

PISTON RGOD LOCKING NUT
(HOLDS PISTON ROD STATIONARY)

Figure 4-30. Variable dependent recoil system during recoil action.

t~lOGE"

Pleure 4-31. Variable dependent recoil system dunsn coterrmil action.

4.



(2) Action in counterrecoil. When the recoiling (4) Variable recoil mechanism. The variable
parts are brought to rest at the end of recoil, the recoil mechanism (fig 4-32) provides the weapon
unbalanced force of the greatly compressed with a means of shortening recoil length at high
nitrogen gas forces the floating piston and angles of elevation. As the tube is elevated, the
diaphragm forward, pushing the recoil oil back roller tracks along the control cam, which pivots
through the regulator into the cylinder against the toward the rear of the weapon. The tube and the
back of the recoil piston. Since the recoil piston is rail and plate assembly form tLe link between the
stationary, the force is transmitted to the front lever and the roller support. As the roller support
inside face of the recoil cylinder, and the recoiling pulls the support arm and arm link to the rear, tWe
parts are thereby pushed back to the in-battery mechanism arm is rotated downward, forcing the
position (fig 4-31). regulator to turn. As the regulator turns, the

(3) Recoil and counterrecoil without shock, throttling orifice is gradually rotated so that it
During recoil the oil is throttled gradually through disengages the long variable depth grooves. From
the variable depth grooves. Because the grooves 0 to 178 mils the length of recoil is 50 inches; from
are tapered, the flow of oil is diminished without 178 to 711 mils the length of recoil varies; from 711
shock. The long variable depth grooves are deepest to 1,333 mils the length of recoil is 30 inches.
where the short grooves terminate; this (5) Oil index and oil reserve. The recoil
contributes to smooth recoil action at low angles of mechanism is designed to operate properly when
elevation. Friction of moving parts and the correct recoil oil reserve is forced into the
compression of the nitrogen gas also contribute to system so as to separate the floating piston
recoil action without shock. During counterrecoil diaphragm from the regulator and thereby
the one-way valve is shut by the pressure of the transmit the pressure of the nitrogen gas through
returning oil as the split rings around the valve the floating piston to the oil column. The pressure
form an oiltight seal. The oil is then forced to of the recoil oil acting on the recoil piston holds the
return through a groove located inside the recoiling parts in the battery position. An
regulator. As this groove tapers toward the front of insufficient oil reserve may allow the cannon to
the regulator, the oil flows more slowly and the fall out of battery at high elevations. The correct
tube eases back to the in-battery position. recoil oil reserve exists when the end of the oil

MAXIMUM RECOIL POSITION MINIMUM RECOIL POSITION "1

THROTTLING ORIFICE

/ REGULATOR

CONTROL ROD

OIL PASSAGES

L MINIMUM ELEVATION MAXIMUM ELEVATION

C .... CAM FOLLOWE"R

Figure 4-32. Functioning of the variable recoil mechanism.
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index indicator rod is flush with the front face of screw. Remove the cap from the nozzle head, hold
the recuperator cylinder front head (11h screw the nozzle end up for a minute or two until all air in
fillers 6 oz). Whenever the amount of reserve oil is the oil has risen to the surface, and purge the gun
less than that prescribed, a rod attached to the lbr turning the handle until no more air bubbles
diaphragm moves forward with the floating piston appear at the nozzle end.
diaphragm and causes the indicator rod to ()T esals h i eev.T
protrude, indicating insufficient reserve oil. The (T reestablish the oil reserve. (fg43)srwtoeoirestbls therv oil resrv (heg the screwto theporue
oreserve 3is c owwhe the ndicator ohpotusg nozzle of the gun into the filling hole, taking care

more thwan /16-infom te regulOnewr osing not to cross the threads. Before tightening, turn
and th wepo stotbe fir ote Onde nermoel the handle and force out any air in the filling hole.
Ml3 sare1crb ln o teinecidcae Operate the gun with both hands and avoid any

3/16-nch.lateral pressure, which might possibly break the
Note. Sufficient operating reserve oil is present threaded nozzle. When the oil index indicator rod

when the indicator rod protrudes 3/16-inch from shows a full reserve, unscrew the gun and install
the regulator housing; however, proper oil reserve the filling plug.
should be reestablished at the first opportunity. (4) Troubleshooting recoil malfunctions. If

e. Maintenance of the recoil mechanism. the tube slams out of battery, normally the recoil
(1) o daintheoil eseve.Plae tue a 0 ils oil level is low; if the tube slams into battery, the

(1)aton To drain the oil reservPe tube at33 rmivs recoil oil level is probably too high. Jerky motion
telin. Tou drithe osialsre (fgw )re oe during recoil indicates either a dirty sleigh
the filling plug writhos a o sutbe wiureh. e Conec assembly or emulsified oil. To check emulsified oil
inth ilin and l drinhoto the filiuid-rleatol (which is pink in color), pour some into a container
inertigten to Uinto ate illnhl, andhe and let it stand. If the bubbles dissipate, air is
hadtighten t. usting ah rsitabe wrech fpurthert n mixed with the oil. Drain the oil and reestablish
tghemn heclinti the reserve oil spurs outringa the oil reserve. If the bubbles do not dissipate,

drain only enough oil to cause the oil index nirgnsmxewthheolCnacsupt
indicator rod to protrude slightly and catch the oil personnel. If recoil oil leaks at a rate of three drops
in a suitable receptacle. For complete draining of per minute, refer the weapon to support
oil reserve, allow the oil to spurt out until the flow maintenance.
stops. Inspect the oil for evidence of water, air, or
nitrogen.

RECOIL OIL GUN -
4930-530-6661

Figure 4-33. Draining oil reserve.

(2) To fill the recoil oil gun. To refill the recoil WE I
oil gun, turn the handle counterclockwise until it is
screwed completely back, loosen the locking screw Figure 4-34. Establishing oil reserve.
on the head, and remove the handle and head as a
unit. Pour oil directly into the barrel of the gun, (5) Variable recoil actuating assembly
avoiding the formation of air bubbles. Replace the problems. The hardware that composes the
handle and head as a unit and tighten the locking variable recoil actuating assembly (fig 4-35) has
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been a constant source of problems for M102 (b) The second item of interest on the M102
crewmen. Three components are of immediate variable recoil actuating assembly is the variable
concern to M102 users. recoil machine bolts (item 2, fig 4-35).

(a) First is the variable recoil shoulder bolt Investigatione and field reports have revealed that
(item 1, fig 4-35). Investigations and reports from these bolts will also vibrate loose and then be
the field indicate that the shoulder bolt has a sheared during firing operations.
tendency to vibrate loose and then shear during 1. This problem has been attributed to
firing operations. improper timing of the variable recoil system and

1. Plans are to replace the bolt with a bolt failure of the bolthole threads in the cradle. Timing
and self-locking nut. This modification is is a function of direct support units, and the proper
currently being accomplished in the overhaul timing procedure is prescribed and emphasized in
program. Direct support units are being made change 6 of the direct support maintenance
aware of a field fix so that, if the shoulder bolt on manual, TM 9-1015-234-35. So that the user can
any of your weapons fails, your DSU can repair it. insure that the recoil mechanism is properly timed,

a check of recoil timing will be incorporated into
2. In the meantime, you should insure the next revision of the user's manual. As for the

that the bolt now in use remains snug. After failure of the bolthole threads in the cradle, M102
tightening the bolt, make sure that the actuating maintenance engineers have developed steel
rail support arm moves freely. You must also check inserts for the boltholes in the cradle to prevent the
the Allen-type setscrew used in conjunction with bolts from stripping the threads. Currently, these
the bolt now in use. It should be tight and staked. steel inserts are to be applied only at overhaul
Painting over this setscrew will make it difficult to facilities. Plans are to make a field fix available to
check for tightness and staking. direct support units so that they can repair the

0 TO 178 tA-i 8_tt.

AT 0 MILS [If V.

i , ' '711 MILS
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Figure 4-35. Variable recoil actuating or ssembly with timing check procedures.
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boitholes when the bolts strip the threads. (b) A clearance of 0.020 to 0.040 inch
2. In the meantime, you should make sure should exist between the recoil control arm and the

that the machine bolts are sufficiently tight during recoil control arm stop.
firing of the M102. Bolts must not be too tight or 5. Repeat the steps presented in 1 through
they will strip the threads in the boitholes. Also, 4 above.
you should check to see that the recoil mechanism 6. If the variable recoil actuator
is properly timed according to the procedures in (c) mechanism does not perform as indicated, the
below. (These procedures will be incorporated in mechanism is improperly timed and should be
the next revision of the user's manual.) turned into direct support maintenance for repair.

(c) Variable recoil actuating assembly Wd Cam follower ring. The last item of
timing check. The timing check of the M102 itrs ntevral eolatao sebyi
variable recoil actuating assembly should be itronthe va flowrribl(em recoi ctuato aRmboytstheome cam foloeornl(tmloiw4s):potperfrme as ollws:from the field indicate that the ring deteriorates or

1. Depress the cannon toO0 mils elevation breaks during firing and thus causes
and insure that the center punchmarks are maladjustment of the howitzer variable recoil
between the ranges indicated by the painted area system.
for 0 to 178 mils (fig 4-~35). 1. Cam follower ring deterioration has

Note. Throughout this entire check of the been attributed to either improper lubrication or
variable recoil mechanism, the groove on the improper timing of the variable recoil actuator
splined shaft should remain alined with the center mechanism.
punchmarks on the recoil control arm. 2. At this time, the problem with the cam

follower ring can be corrected only by you, the user.2. Elevate the cannon to 178 mils and As pointed out in (c) above, you can check to see if
insure that the center punchmarks are between the the recoil actuating assembly is properly timed. If
ranges indicated by the painted area for 0 to 178 it is not, turn in the weapon to the DSU for
mils. adjustment. As for the lubrication problem,

3. Elevate the cannon to 533 mils and Armament Command engineers have prepared a
insure that the center punchmarks are between the change to the lubrication order which will be
ranges indicated by the painted area for 533 mils to published shortly. It requires the user to lubricate
711 mils elevation. all moving parts of the recoil actuating assembly

4. Elevate the cannon to maximum daily with general-purpose lubricating oil when
elevation and check the following: the weapon is being fired daily. These moving

parts include the arm linkage, actuating rail
(a) The center punchmarks should be support arm, needle bearing cam follower, rail

between the ranges indicated by the painted area assembly links, cam actuating lever, control cam,
for 533 mils to maximum elevation, and cam follower ring.

Section V. FIRE CONTROL EQUIPMENT

4-19. Sighting and Laying Equipment trajectory has two elements that are controlled by
Some of the common terms relating to sighting sighting and laying equipment-the vertical

and laying equipment are defined in a through i angular measurement and the horizontal angular
below, measurement.

a. Fire control instruments-Include both on- c. Reticle-A measuring scale or mark placed in
and off-carriage instruments. On-carriage fire the focus of an optical instrument. Some reticles
control instruments are those that are of built-in have graduations that allow small angular or
design or are placed on the weapon by the gun crew range measurements to be made while the operator
and serve the purpose of laying the weapon in looks through the instrument.
deflection and/or elevation. Such instruments as
the panoramic telescope, range quadrant, elbow d. Sighting-The process of directing a line of
telescope, and gunner's quadrant are on-carriage sight toward an aiming point.
equipment. The aiming circle, battery e. Referring-The processaof movng theline of
commander's telescope, and M2 compass are sight to an object without moving the tube. The
examples of off-carriage control instruments. purpose is to determine the angular distance from

b. Trajectory-The curve described by the the line of fire or rearward extension of the line of
center of gravity of a projectile in flight. The fire to the designated object.
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f Laying-The process of pointing the tube of a minimizes "reticle shift." Azimuth readings are
weapon in a given direction for a given range. made from a mechanical mil counter unit.

g. Indirect fire-Fire from a weapon that is laid Included is a reset counter that can be set to show a
by sighting on a point other than the target. reading of 3,200 mile without changing the line of
Normally, the target and weapon will not be sight of the telescope. This permits all weapons to
intervisible. have a common deflection even though the

collimator for each piece is placed at a different
h. Direct fire-Fire from a weapon that is laid by referred deflection. The panoramic telescope

sighting directly on the target. M113A1 is a 4-power, fixed-focus telescope with a

i. Cant-The tilting of the trunnions of a 178-mil field of view. It is mounted directly to
weapon out of the true horizontal plane. Cant telescope mount M134A1.
causes the tube to travel out of the true horizontal (2) A parallax shield is hinged to the top edge
plane in traverse and out of the true vertical plane of the rotatable head. The shield may be closed
in elevation. Cant is always present if the over the front of the sight to protect the lens during
trunnions of a weapon are not level, travel. During boresighting and certain other
4-20. Fire Control Instruments tests, the shield is also closed. Closing the shield

will allow only a minute ray of light to enter the
a. Panoramic telescope M1J3AZ. telescope and therefore reduces the problem of a

(1) The panoramic telescope M113A1 (fig "moving" sight picture (parallax).
4-36) is the basic instrument used in laying the (3) The elevation knob located on the top of
weapon in direction. A 1,600 mil prism, reticle, and the rotatable head is used to raise and lower the
the objective lenses are mounted rigidly with line of sight. The range of the elevation knob is
respect to one another in a rotating assembly that from -300 mils to +300 mile, but no determination

ELEVATION KNOBEEA O LIGH PROJECTOR RECEPTACLE

NITROGEN PURGING VALVE

AZIMUTH KNOB

DOOR

AZIMUTH COUNTER BORESIGHT

RECEPTACLE GUNNERS AID KNOB

RESET COUNTER KNOB

RESET COUNTER /GUNNER AID COUNTERS

LIGHT RECEPTACLE I EEIC

Fiure 4-36. Panoramic teleecope MI13. C l
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of vertical angles can be made with this extension of the line of fire to the line of sight, it is
mechanism. used to lay the weapon.

(4) A light projector is located on the sight of (b) Aiming points. After the weapon has
the rotatable head. Originally, the device was been laid, the gunner will turn the azimuth knob
designed for illumination of aiming points, but its until the line of sight is pointed where the primary
effectiveness is minimal. aiming point is to be emplaced. He will direct theK(5) The azimuth knob is used to turn the cannoneer to emplace the collimator/aiming posts

rottabe had nd husmove the line of sight. for the proper sight picture, and then he will record
roetabe hadut an b ths tund auso oh the deflection to that aiming point. The same

turnd, vlueson 10th procedure is used for emplacing the secondarythe azimuth counter and reset counter change. We aming point.
may utilize the slow motion by simply turning the
knob itself or the fast motion by extending the Note. This step is accomplished without moving
crank that should be used to avoid turning the the tube off of the azimuth of fire.
knob too fast and wearing out the internal gear ()Rfrig fe lent iigpit
train. have been selected, the sight may be turned to

(6) Also located on the body of the azimuth them to read the deflection from the azimuth
knob is a bar knob, which may be rotated to one of counter. Referring simply means obtaining a
two selector positions: direct fire or indirect fire. If deflection to a given point without moving the
the bar knob is rotated to the indirect fire position, tube.
the gear train will click once for every mil the (d) Direct fire. If the weapon has been
azimuth knob is turned. If the bar knob is rotated properly boresighted, the azimuth counter can be
to the direct fire position, the gear train will click turned to deflection 3200 and the gunner can sight
once for every 5 mils the azimuth knob is turned, directly on a target that he plans to engage with
thus enabling the gunner to lead a target by 5-miil direct fire.

(7)Theaziuthcounter is marked every 1/4 actually the executive officer is laying the 0-3200
mil nmbeedevey ilfrom 0000 to 6399.75, and line of the sight instead of the tube itself. Because
thereaingon hecounter reflects the true the 0-3200 line of the sight and the line of fire may
defecton easredto heline of sight from the not be parallel to each other, the weapon must be

rearward extension of the line of fire. The azimuth boresighted. This procedure is discussed in
counter is the upper digital counter on the sight. paragraph 26. Basically, when the azimuth
When the azimuth counter reads 0000, the line of counter shows deflection 3200, the line of fire and
sight should be parallel to the rearward extension the line of sight must be parallel to each other.
of the line of fire; when it reads 3200, the line of
sight should be parallel to the line of fire. The (f) Reset counter.
azimuth counter is used for laying, for emplacing 1. Indirect fire. After the aiming points
aiming points, for referring to alternate aiming have been emplaced, the gunner insures that the
points, for boresighting, and for direct fire. These tube is still on the azimuth of fire and turns the line
functions will be discussed below, of sight to the primary aiming point. He will then

(8) The reset counter (marked every 1/ mil, turn the reset counterknob until it pops out and
numbered every 1 mil from 0000 to 9999.75) is the deflection 3200 is on the reset counter. After he has
lower digital counter on the sight. It is designed to insured that the true deflection to the aiming point
give the user the capability to read an artificial is still on the azimuth counter, he will record that
value that coincides with the readings of all other value and close the hinged door over the azimuth
panoramic telescopes within the battery. Pushing counter. Since all gunners within the battery will
the reset counter knob in and turning it until it have done the same thing, each tube will be on the
pops back out resets the counter to read 3200 mils. azimuth of fire and each reset counter will show
This action does not affect the azimuth counter. So deflection 3200 to the primary aiming point.
for any direction the line of sight may be pointed Therefore, the FDC will now send fire commands
we may give it an artificial value of 3200 mile. The in relation to deflection 3200. If the battery is to fire
reasons will be made clear in MM(f below. The reset 300 mils to the left of the azimuth of fire, deflection
counter is used in indirect fire for determining site 3500 is sent in the fire command (LARS rule). The
to crest, and as an aid in putting out azimuth reset counter enables all weapons to receive the
stakes. same fire command with relation to a common

(9) Fucin fteaiuhcutradrst deflection of 3200 mils even though the primary
countetaonsosc tead b tcontradw.e aiming points of all the weapons were not

couner ae decribd beowemplaced at the same true deflection. If the
(a) Laying. Because the azimuth counter primary aiming point were rendered unserviceable

shows the true deflection from the rearward the gunner would simply open the hinged door



over the azimuth counter, turn to the deflection of counter is now pointed at azimuth 1600, the gunner
his secondt -ry aiming point, reset the reset counter, turns the line of sight to deflection 4800 and has
and close the hinged door. At this time he could the 3200 azimuth stake emplaced. As the line of
place the deflection from the next fire command on sight is turned to deflections 6400 and 8000, the
the reset counter and take up the proper sight gunner has the cannoneer emplace azimuth stakes
picture on the secondary aiming point, for 4800 and 6400 respectively.

2. Site to crest. The chief of section will (10) Opposite the azimuth and reset counters
determine what obstructions in front of his are two small gunner's aid counters. By turning
weapon maylimithisfield of fire. He will have the the gunner's aid knob, the gunner can place
gunner traverse the tube to the direction of the special corrections on the sight. If the FDC wants
obstruction and then determine the deflection with the weapon to continuously fire 16 mile to the right
respect to the azimuth of fire. The gunner will of the azimuth of fire, the gunner's aid knob is
simply refer the line of sight to the primary aiming turned until a 16 appears in the R (right) gunner's
point, and read the deflection from the reset aid counter. This will cause the numbers in the
counter to the chief of section. reset counter to increase by 16 mils without

3. Azimuth markers. Azimuth stakes are moving the line of sight. In order for the gunner to
indicators that show the cardinal directions 6400, fire the deflection announced in the fire command,
1600, 3200, and 4800. To emplace the stakes, the he must use the azimuth knob to decrease the
gunner first determines which cardinal direction setting on the reset counter by 16 mils and thus
is closest to the line of fire. If the weapon is laid on force the tube 16 mils to the right of the azimuth of
azimuth 1400, the closest cardinal direction is fire. The maximum correction that can be applied
1600. The gunner then turns the line of sight to to the panoramic telescope varies but is normally
that cardinal direction. By using the azimuth approximately 55 mils. If the correction is to
scale, he can turn to deflection 3400 which is 200 exceed that amount, the FDC will have to
mils past the line of fire in a clockwise direction. announce in the fire command a special deflection
This is also 200 mils in a clockwise direction past to that weapon. Special corrections are placed on
azimuth 1400, or azimuth 1600. The gunner then the sight before the deflection in the fire command
directs the cannoneer to emplace the 1600 azimuth is applied. Corrections are taken off before the
marker, closes the azimuth counter door, and panoramic telescope is referred to 3200 to return to
resets the reset coz-*er to 3200. If 3200 on the reset the original azimuth of fire.

vAdjust rheostats as required for proper reticle
illumination.

M53 light instrument illuminates the Pantel

M52 light instrument illuminates the counter
scales

Clamp assembly

Figure 4-37. Emplacement of night lighting devices M52 and M53 on the MI 13.
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(11) The night lighting devices will be the effects of trunnion cant. The mount provides a
installed as shown in figure 4-37. The newer vertical support for the panoramic telescope to
weapons have radioactively illuminated sights provide true measurements of weapon azimuth.
and mounts. c. Fre control quadrant M14. The fire control

(12) The telescope has four position settings quadrant M14 (fig 4-39) which "j mounted on the
for the convenience of the gunner, and the right-hand trunnion, is used for adjustment of the
telescope should be parallel to the body of the weapon in elevation. Fire control quadrant M14 is
weapon during travel to prevent it from catching equipped with a mechanical mil counter for
on obstacles and breaking. Other components of elevation readings. By turning the elevation knob,
the panoramic telescope will be discussed in later the assistant gunner can place the announced
paragraphs. quadrant elevation on the elevation counter. He

b. Telescope mount M134. Telescope mount then elevates or depresses the tube to level the

M134 (fig 4-38) provides an adjustable base for bubble in the longitudinal leveling vial and thus

leveling the panoramic telescope M113. The mount lays the weapon for quadrant elevation.
is installed on the left trunnion. The mechanism of (1) Gunner's aid counters. The gunner's aid
the telescope mount M134 is essentially a "Hook's" counters function similarly to those on the M113
universal joint that makes possible adjustment of panoramic telescope. By turning the gunner's aid
the vertical axis of the panoramic telescope to knob, the assistant gunner can place a positive or
plumb regardless of pitch or cant (within therange negative correction on the counters. If a positive
± 178m) of the weapon. The mechanism also correction is placed on the counter, the elevationcontains a gun bar pivot that is maintained counter digits are decreased; this causes the
parallel to the weapon tube at all times, since it is weapon to be elevated even more to achieve the
mounted directly on the weapon trunnion. This announced quadrant elevation. Corrections are
gun bar pivot serves as a reference about which the placed on the gunner's aid counters before the
mount is adjusted to compensate in azimuth for announced quadrant is placed on the fire control

TELESCOPE LOCATING PIN
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Figure 4-38. Telescope mount M134.
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Figure 4-39. Fipe control quadrant M14.
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Figure 4-40. Elbow telescope M114.
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quadrant; they are removed before the weapon is control quadrant M14. This instrument is

returned to the original elevation of lay. basically similar in function to other direct fire
(2) Elbow telescope mount. The mount for the telescopes now in use except for a reticle

M114 direct fire telescope is located on the top of presentation of multiple ballistic data and the use
the M14. Installation of the direct fire telescope is of a movable range gageline that can be set to
discussed in paragraph 22b. range values for direct fire by use of the range gage

knob. Magnification has also been increased to
(3) Lighting devices. Emplacement of the 8-power, and a diopter has been added that can be

lighting devices is shown in figure 4-44. A toggle adjusted to change the focus of the telescope to suit
switch located underneath the correction scale is the observer's eye.
used to turn the counter lights on and off. Note. The sighting equipment for the 105-mm

(4) Quadrant seats. Two sets of quadrant howitzer M102 is designed for two-man operation.
seats are located on top of the M14. One set maybe One man, on the left side of the breech, uses the
used to cross-level the fire control quadrant with a panoramic telescope for azimuth adjustments. The
gunner's quadrant. The longitudinal quadrant second man, on the right side of the breech, uses
seats form a line that is parallel with the end of the the fire control quadrant M14 for elevation
tube. They are used in determining the accuracy of adjustments.
the gunner's quadrant or during firing when the
gunner's quadrant is used for greater accuracy in 4-21. Installation of Fire Control Equipment
quadrant elevation, a. Installing M113 panoramic telescope. The

d. Elbow telescope M114. The elbow telescope M113 panoramic telescope (pantel) is installed by
M114 (fig 4-40) is the basic instrument used for the gunner as shown in figure 4-41 and described
laying the weapon in elevation for direct fire. The in (1) through (10) below:
elbow telescope M114 is mounted and boresighted (1) Remove the canvas cover from the M134
in a mechanism integral with the upper part of fire mount.

2t

61

Pigure 4-41. Installing the M113 panoramic tlescope.
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(2) Loosen the four wing nuts ((Dfig4-41)and
remove the protective cover ((2)fig 4-41).

CAUTION: Vent the stowage check before
opening 

it.

(3) Place the cover ((Qfig 4-41) in the stowageC
chest and remove the panoramic telescope from
the stowage chest.

(4) Position the panoraMic telescope by

means of the locating pins (Wfig 4-41) on the
"M134 mount. Hand-tighten the four wing screws C3

(()fig 4-41) to fasten the panoramic telescope in
place. 5

(5) Uncover the level vials ((Zfig 4-42)
azimuth counter (Q fig 4-42) and set the gunner's
aid counter (2fig 4-42) to 0. Level the M134 ELBO 4
mount.

(6) Open the parallax shield ((®fig 4-42) by Figure 4-42. Preparing the M113 panoramic
releasing the lock. telescope for action.

(7) Release the lock plunger (@fig 4-42) and (10) If you do not have radioactively
turn the panoramic telescope elbow perpendicular illuminated fire control instruments, install the
to the weapon tube. The elbow can be rotated 140 M52 and M53 light instruments as shown in figure
mils by releasing the plunger (@fig 4-42). 4-37.

(8) Perform required before-operations b. Installing M114 elbow telescope. The M114
Preventive Maintenance Checks and Services, elbow telescope is installed by the assistant
(PMCS). gunner as shown in figure 4-43 and described

(9) If you have radioactively illuminated fire below.

control instruments, be aware of the user's manual (1) Remove the canvas cover from the M114
warning, mount.

4Y(

Figure 4-43. Installing the M114 elbow telescope.
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CLAMP ASS EMBLY
Attach M52 light instrument Lto M14 quadrant /

Attach M53 light instrument
to M1 14 telescope

Figure 4-44. Night lighting device emplacement for the M14/MI14.

(2) Remove the elbow telescope from the 4-22. M102 Fire Control Instrument
stowage chest and insert it into the M14 fire Mainttnance Problem Ames
control quadrant, making certain that the locating
key ()engages in the slot. There are four primary areas of interest

involving maintenance problem areas on the
(3) Fasten the latch Qas shown in the insert M102 fire control and related equipment (fig 4-45

to figure 4-43. and 4-46).
(4) Perform required before-operation PMCS. a. The first problem ares involves the M113
(5) Set the gunner's aid counter(®) to 0 and the panoramic telescope. As a result of poor quality

elevation counter (®to 300. control, improper torque values were applied
during the fire control equipment rebuild program

(6) level the elevation quadrant. (item 1, fig 4-45). These improper torque values
(7) Make sure that the elbow telescope caused play of I to 3 mils in the heads of a

eyepiece is perpendicular to the weapon tube. The significant number of MI 13 panoramic telescopes.
eyepiece can be rotated 3200 mils by releasing the Quality control measures have been strengthened
latchQ) and pulling the telescope to the keyway. to correct this deficiency; however, faulty

(8) If you have radioactively illuminated fire instruments remain in the field both at the user

control instruments, be aware of the warning on level and at higher support levels.
the inside front cover of the user's manual. (1) As a user, you need to inspect the

(9) If you do not have radioactively instruments on hand to verify their serviceability.
illu e Ifie ono intrendinalte If play exists, turn the M113 panoramic telescopeilluminated fire control instruments, install the in for repair. Additionally, you should inspect your

-42 atfloat items, if issued, because these may also beigure -4defective.
(10) Adjust the theostats as required for (2) To determine if play exists in the head of

proper reticle illumination, an instrument, aline the telescope crosshair on a
(11) The toggle switch ((Qfig 4-44) controls well-defined distant aiming point while thethe lights for the elevation and gunner's aid instrument is mated to the weapon mount. Grasp

counters. the telescope head and gently attempt to rotate it
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ITEM i tMPPOPER
TOROUE VALUES
APPLIED DURING
OVE RHAUL/REBUILD
HAVE CAUSED LOOSE
PANTEL HEADS CHECK
,OUR INSTRUMENTS

ITEM 2: EXCESSIVE WEAR ON FOR PLAV

MATING CROOVES AND GUIDE PINS
RFSUJLT IN THE LOSS OF BORESI GH

OR HIGEEESCOPE

MATING /
GRAOOV S1

REMOVAL REPL ACEMENT

is A DIRECT SUPPORT

MA INTENANCE REPAIR
Joe

M1 34
MOUNT

Figure 4-45. M134 panoramic telescope mount with M113 panoramic telescope.

in either direction. Release your grasp on the the panoramic telescope and storing it, with the
instrument and verify the crosshair alinement. If elbow telescope, in the carrying case on the
the crosshair has moved more than 1 mil from its wishbone trail. This continual removal and
original alinement, the telescope is defective. Turn replacement has caused excessive wear on the
in the instrument to direct support; indicate on the M134 mount guide pine and in the mating grooves
DA Form 2407 that the telescope head is loose, of the M113 panoramic telescope (fig 4-41). The

result of this wear is a loss of boresight during
Note. A prerequisite to any inspection of M102 firing operations. The amount of loss of boresight

fire control instruments is to insure that there is no varies, but investigations have uncovered losses
obvious defect in any item when it is installed on as great as 5 mils in deflection.
the weapon. Check the M134 mount for looseness (1) To correct this wear problem, the M134
or wobble in the mechanism. The Ml 13 panoramic mount will be modified to replace the guide pins
telescope must be tightly secured to the M134 with a key configuration. The key configuration
mount by the four wingnuts. will increase the bearing surface between the M134

b. The second problem area involves both the mount and the M113 panoramic telescope and
M113 panoramic telescope and the M134 eliminate the excessive wear between the two -
panoramic telescope mount. Standard procedures components. This modification will be applied on
for M102 march order and travel call for removing an attrition basis.
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(2) At the present time, each use should spreading, which is inherent in the weapon
inspect the M113 panoramic telescope grooves and system, is due to the lightweight aluminum
the M134 mount guide pins for wear. carriage and cannot be corrected except by major

Note. Also inspect the M134 mount guide pins to redesign of the weapon system. However, it has
determine if they are snug. Loose pins have been been determined that the misalinement caused by
found on some weapons, the spreading trunnions can be compensated for

by adjustment of the M134 mount and M14 fire
(3) To determine if excessive wear exists, you control quadrant level vials when the mounts are

should boresight the weapon immediately prior to mated to the weapon. This operation, which has
firing in a firing position. After several rounds been termed "marrying" the mounts to the
have been fired, boresight should be verified. If weapon, must be accomplished under stringent
loss of boresight of over I mil has occured, turn the test conditions.
weapon in to direct support maintenance
personnel for repair, indicate on DA Form 2407 (1) The primary problem of the M134and M14
that the weapon fails to retain boresight during misalinement has been overcome by the operation
firing, of marrying the mounts to the M102. This

operation must be performed only at direct support
Note. The distant aiming point method can be or higher level maintenance. Thus, you, the user,

used to verify boresight. Additionally, you must are no longer allowed to remove or replace the
insure that the M113 panoramic telescope is not M134 mount or M14 fire control quadrant. Change
defective because of play in the head of the 7 to TM 9-1015-234-12 deleted the user's authority
instrument as indicated in a above, to remove or replace these items. Change 8, June

c. The third problem area involves both the 1973, deleted the removal/replacement
M134 mount and the M14 fire control quadrant (fig information from the technical manual text.
4-45 and 4-46). Investigations have shown that (2) The problem now is to insure thateveryone
during normal elevation of the M102 cannon the gets the word. Do not remove or replace the M134
weapon trunnions spread, or flex. This, in turn, mount or M14 fire control quadrant at your, the
affects the alinement of the M134 and M14, which user, level. If uncertainty exists as to when or
are mated to the trunnions by adapter plates. The where these items were last removed from or

installed on your weapon, conduct fire control
alinement tests prescribed in TM 9-1015-234-12. If
the weapon passes the tests, the mounts are

M1 14 ELBOW TELESCOPE

4% REMOVAL/REPLACEMENi

04 RECT SUPPORT ORHIGHER LEVEL

oMAINTENANCE REPAIR

FIRE CONTROL
QUADRANT

MI
COLUIMATOR

Figure 4-46. M14 fire control quadrpa with M1114 elbow telescope MI colimstor.
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properly alined. If the weapon fails to meet the test fielded in Vietnam, where temperatures fluctuated
tolerances, turn the weapon in to direct support as much as 700 within a day, recoil oil had to be
maintenance personnel; indicate on the DA Form drained from a hot weapon and replaced after the
2407 that the weapon failed the fire control weapon had cooled. This portion of the PIP calls
alinement tests. for modification of the recoil internal components

d. The final maintenance problem area to provide a larger oil reserve.
involving M102 fire control and related items is b. The second subproposal covers the M37 recoil
that of moisture buildup in the Ml13 panoramic hardware. The M37 recoil has a history of high
telescope, the M114 direct fire elbow telescope, and demand for replacement parts, maintenance time,
the M1 infinity reference collimator. This moisture and overhaul requirements. A study is presently
buildup causes these instruments to fog and makes being conducted to isolate, analyze, and redesign
it difficult or impossible to read the counters or high-failure compuzents. The goal is to double the
obtain proper aiming point alinement through the present 6,000-round average life of the recoil
optics. mechanism. The improvement is scheduled to be

(1) Investigations have shown that in most accomplished during overhaul in the fiscal year
instances the moisture buildup is a direct result of 1976 time frame.
the user failing to properly purge the instruments c. The third subproposal is designed to improve
or to insure that adequate nitrogen pressure is the breech mechanism of the M137A1 cannon.
maintained. However, in some high-humidity Through the past years, four problem areas
climates, even though proper preventive involving the breech have been identified: (1) The
maintenance is performed, condensation still bevel gears, (2) the extractors, (3) the firing
builds up in the instruments. Frankford Arsenal mechanism, and (4) the counterbalance spring.
Development Engineering Laboratory has been This improvement is projected to increase
directed to initiate investigations into this reliability, and to reduce maintenance problems of
problem area to determine if additional sealing or the breech by simplifying these components.
waterproofing oftheseinstrumentsisnecessaryor d. The fourth subproposal covers self-
feasible. illumination of the M102 fire control and related

(2) In the meantime, your organizational items. Because the current night lighting system
maintenance personnel can reduce the problem by on the M102 is the source of numerous problems,
insuring that the fire control instruments are the improvement is designed to eliminate the
purged and charged every 90 days or when entire system by providing individual radioactive
condensation is evident in the instruments. TM illumination sources for fire control digital
750-116 (Oct 71) prescribes the procedures for counter, reticles, and leveling vials. Additionally,
rurging and charging fire control instruments and radioactive illumination will be applied to the
is the authority for requisitioning the necessary collimator and the gunner's quadrant. New
items. radioactive aiming post lights and the M140

alinement device used for checking boresighting4-23. Product Improvement Package (fig 4-47) are also included in the PIP. The first

As part of a continuing program, the US Army converted sets of these M102 fire control items
Armament Command is developing an $8,297,000 were fielded in calendar year 1976.
product improvement package (PIP) for the M102
howitzer. The improvements are based on data -- - - -
collected during the period of extensive usage of
the weapon system in the Republic of Vietnam and
are divided into four subproposals.

a. The first subproposal addressed the limited
recoil oil supply of the M37 recoil mechanism.
Because of critical weight limitations during
development, the recoil mechanism was designed Figure 4-47. M140 alinement device used
with a marginal oil reserve. When the M102 was for checking boresighting.

Section VI. SUMMARY

4-24. Review must be kept in proper working condition. It has
been the purpose of this chapter to give a general

The four major components of the 105-mm insight into the characteristics, nomenclature,
howitzer M102 are the carriage, barrel and breech functioning, and maintenance of the major
assemblies, recoil mechanism, and fire control components of the weapon. For more detailed
equipment. In order for the weapon to function information, see FM 6-70, TM 9-1015-234-12, and
properly and deliver accurate fire, each component LO 9-1015-234-10.
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U. S. ARMY *WCXXWS
FIELD ARTILLERY SCHOOL HB-5

Weapons Department

Fort SiN, Oklahoma

CHAPTER 5

155-MM HOWITZERS M114A1 AND M114A2, TOWED

Section I. GENERAL

5-1. References loading HE projectile to a maximum range of
TM 9-1025-200-12; LO 9-1025-200-10, and FM 14,600 meters. The prime mover for the weapon is a

6-81. 5-ton cargo truck. The main difference between
the MI 14A2 (fig 5-1a) and the M114A1 (fig 5-1b) is

5-2. rductio in the riflery. The M114A2 has a I in 20 twist vice a
1 in 25 like the M 114AL. This change has made the

The M114A1/M114A2 155-mm howitzer is a M114A2 compatible with all projectiles and
medium towed field artillery weapon (figs 5-1a propelling charges used with the M109. The
and 5-1b) of the infantry and airmobile divisions. M114A2 has a machined groove approximately 4
A 155-mm battalion consists of three batteries of inches behind the muzzle which (fig 5-1a) is the
six weapons each. The 155-mm howitzer weighs only physical difference between it and the
12,700 pounds and fires a 95-pound separate- M1l4AL.

Section II. CARRIAGES MIAI AND MIA2

5-3. Trails, Trail Lock, and Spades bottom surface with a recess for attaching a trail
: spade lug. On these end surfaces is a square hole

a. Trails. The trails are tapered, welded-steel,
box griders with plates and rib supports welded to for inserting the spade key, which secures the trail
the inside surfaces to provide reinforcement spade in position.

b. Trail lock. The trail lock holds the trails in the(1) The trails are used to connect the weapon closed position for traveling.
and the prime mover (normally a 5-ton truck)
when traveling to stabilize the weapon in the (1) The trail lock is a toggle-type clamping
firing position; and to carry the spades, aiming mechanism and is operated by the trail lock
posts, six rammer staff sections, sledge hammer, handle.
weapon handling bars, spade keys, firing jack
float, and loading tray. (2) The trail locking retainer pin is inserted

Th)%e trails (fig 5-2) are hinged the bottom into a hole in the projecting ledge of the left trail as
an additional safety device to prevent the trails

carriage; when they are spread, each wail forms a from spreading during travel.
300 angle with the center of the carriage. On each
trail are arms with shoulders, which contact (3) The trail lock is adjusted by loosening the
wedge-shaped stops welded to the top and bottom trail lock link jamnut and turning the trail lock
of the bottom carriage to control maximum spread. link turn at a time, either right or left, depending

on the adjustment needed. When the trail lock is
(3) The trails are equipped with trail handles properly adjusted, a slight downward pressure

to assist in moving the weapon. should force the lock handle down and cause the
(4) When the top carriage is properly centered, trail lock hook to engage with the trail lock link.

plates welded to the top trail hinges contact stops c. Spades. The spades, being two of the three
welded to the bottom plate of the top carriage. Ts points of suspension, absorb the force of recoil and
prevents movement of the top carriage during transmit the shock of firing to the ground. They
travel, limit the amount of displacement of the weapon.

(5) The rear end of each trail has a smooth For greater clearance of the rear of the weapon

*Supersedes HB-5 WCXXWS, Dec 80.
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Figure 5-1a. 155-mm howitzer, M114A2, towed.

during travel, the spades are removed from the support maintenance personnel.
ends of the trails and placed in the traveling Note. Maintenance of this component and of all
position on the trails. Handles on the spades are other components of the 155-mm howitzers
used for lifting and carrying the spades from the M114A1 and M114A2 described in subsequent
traveling position on the howitzer to the firing paragraphs of this chapter will include lubrication
position at the end of each trail. of the item concerned. Lubrication of all

(1) In the firing position, the trail spades are components will be performed in accordance with
attached to the underside of the trails by engaging Lubrication Order 9-1025-200-10.
the spade lugs in the recesses of the trails. The 5-4. Brakes
spades are secured to the trails by means of the
spade keys. A spade alignment lug is welded to the a. General. When the howitzer is being towed by
side of the spade that, when flush with the side of the prime mover, the carriage brakes are actuated
the trails, will align the spade key socket. by compressed air furnished by an air compressor

on the prime mover and conducted to the carriage
(2) During travel, the spades are carried in by the service and emergency air brake lines. The

brackets on the outer surface of the trails. carriage brakes are controlled by the brake pedal
(3) During travel, the spade keys are carried in of the prime mover. The brakes can also be

the key carrier on the outer surface of the left trail. controlled individually by hand levers mounted on

d. Maintenance. the carriage.
b. Principal parts. The principal parts of the air(1) The trail hinge pins should be lubricated brake system are two air lines (service and

weekly with lubricating oil, general purpose (PL). brecystm ar filter ln (erge ay

The waste material should not be removed. . emergency), two air filters, an emergency relay
valve, an air tank, two air brake diaphragms, two

(2) The trail lock should be lubricated weekly slack adjusters, two handbrake levers, and two
with PL brake actuating mechanisms (fig 5-3).

(3) The drain plugs in the trails should be c. Airlines. The air lines consist of air hoes and
removed weekly to allow the trails to drain. If the tubes interconnecting the various units of the
trails are not provided with drain plugs, notify the brake system. The service air line leads from the

5-2
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CYLINDER YOKE

REPLENISHER

EQUILIBRATORS
RIC-HT

SHIELD RECOIL CYLINDER
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fFIRING JACK FLOAT ORD F9640'2

Figure 5-lb. Z55-mm cannon and 155-mm howitzer carriage MlA2-firing Position,

maximum elevation-left front view.
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Figure 5-2. 155-mm cannon M1 and 155-mm howitzer carriage MIAI-firing position-eft rear view.

prime mover to the top of the emergency relay brakes become locked. It stores compressed air
valve (fig 5-3) and controls all service brake both for service and emergency brake
applications. The emergency air line leads from applications.
the prime mover to the lower part of the emergency
relay valve. Its purpose is to keep the air tank g. Air brake diaphragms. Two air brake
charged at all times. The tank, in turn, supplies the diaphragms, one for each brake, convert the
compressed air which actually makes all brake energy of the compressed air into the mechanical
applications. Dummy couplings on the outer sides force necessary to operate the brake mechanisms.
and near the rear ends of the trails are provided to The air hose connection is protected by the brake
retain the air brake hose couplings and to exclude diaphragm guard (fig 5-5).
dirt when the couplings are not connected to the h. Slack adjusters. The slack adjusters serve as
prime mover. levers to connect the brake mechanisms with the

d. Air filters.Theairfilters(fig5-4)aremounted air brake diaphragms. They also provide a
on the trails and connected in the service and convenient method of brake adjustment.
einergency air lines to filter water and dirt from the i. Handbrake levers. A handbrake lever is
air before it enters the emergency relay valve. po dbrach care brake lved onDrain plugs in the bottom of the filters permit provided for each carriage brake. It is pivoted on
Draininlgsin lted wterof ad dier pthe brake camshaft just inside the wheel. Thedraining accumulated water and dirt handbrake lever is positioned under the slack

e. Emergency relay valve. The emergency relay adjuster so that, when the lever is pushed to the
valve (fig 5-3) is mounted on the rear of the bottom rear, it lifts the slack adjuster, causing the brake
carriage and is protected by a guard. The valve is a camshaft to rotate and apply the brake. A
combined relay valve (which speeds up the brake handbrake lever latch, controlled by a
action from the prime mover to the carriage) and spring-loaded hand grip lever, engages the teeth
emergency valve (which controls automatic brake of the handbrake lever latch plate (rack) and
application in the event the carriage breaks loose retains the handbrake lever in position when the
from the prime mover). brake is applied.

f. Air tank. The air tank (fig 5-3) is mounted on j. Brake actuating mechanisms. Each brake
the rear of the bottom carriage and is equipped actuating mechanism consists principally of the
with a drain cock for draining moisture and for brakeshoes, brake camshaft, and brakeshoe
relieving pressure prior to firing or when the springs. The brakeshoes and camshaft are

5.4
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the brake anchor pin, and both are expanded and disconnecting the emergency aor brake hose
against the brakedrum by the rotation of the coupling from the prime mover, if the tactical
camshaft when the brakes are applied. When the situation permits coupling the weapon to the prime
brakes are released, the camshaft releases the mover for this test. if the brakes do not apply
shoes, which are then pulled away from the drum
by the brakeshoe springs. -ANDRAKLE LIVER LATCH44AMAE1V

5-5. Care and Maintenance of the
Air Broke System

a. Test emergency brake application. Test the

AIR FILTER BODY

*A FILM COVS GASWE

NE-MMA SW

Ad MIR comDAHA#

E- ~ Dow- 0654PmG WE 65457MT

Figure 5-4. Air filter-exploded view. Figure 5-5. Air broke diaphragm and slek Meuter.
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automatically, notify support maintenance clearance between the brake lining and the
personnel. brakedrum. Rotate the drum, taking care not to

b. Dainwatr fom ir fltes ad ar tnk.twist or damage the gage. The clearance betweenb. Dain ate fro ai filers nd ir tnk.the lining and drum should not be les than 0.025
(1) Drain accumulated water weekly from the inch or greater than 0.050 inch. If it does not fall

air tank and air filters. In cold weather, drain these within these limits, readjust the brakes as in (3)
units every 8 hours of continuous travel. If the above.
water fr-eezes in the unit, apply sufficient heat to (6) When the brakes are properly adjusted,
melt the ice and drain the water, taking care not to install the wheel and tire assembly.
damage the air brake hoses.

Note. Do not drain the air filters or air tank (7) If adjustment cannot be made using steps
while the air brake system is under pressure. If (1) through (6) above, turn into direct support
draining is performed during travel, temporarily maintenance.
disconnect the air brake hose couplings from the e. Test for air leakage.
prime mover.

(1) Test the entire air barke system for air
(2) To drain the air filters, remove the drain leaks bimonthly or when a leak is evidenced byplug from the bottom of the air filter cover, allow weak or intermittent brakes by applying soapsuds,the water to drain, and install the plug. with the system under pressure, to all air hoses, air

(3) To drain the air tank, open the drain cock brake hose connectors and other hose connections,
at the lower right of the air tank long enough to air brake hose couplings, air filters, and air brake
expel all moisture and then close the drain cock. diaphragms and to the emergency valve and air

c. Ceanair iltrs.Clea th airfilers tank. Any leak causing a soap bubble 2 inches in
c.monCla air iltsers.blan the i filtershn diameter in 5 seconds is considered serious. If it

biamontlte bydiasemign thfiters, bruwshingh cannot be remedied by the methods herein outlined

air filter strainers and air filter cover and strainer ordnfancea mi ontenan pe rso el. seotf

s upport with drycleaning solvent or volatile orncemitacepsnel
mineral spirits. Allow the parts to dry thoroughly (2) Apply soapsuds to the edges of the air

and assemble the air filters. brake diaphragms and around all diaphragm
Note Donotuse ompessd ar todrytheair clamping bolts. If a leakage of air is evidenced by

Nolte. Doranotuecmpesdar.ody h i the formation of a soap bubble, tighten all
filte stranerclamping bolts in such sequence that successively

d. Adjust air brakes. tightened bolts are positioned on the diaphragm as
(1) To clean the brakes you must have the nearly opposite each other as possible. If this fails

wheels off the ground, spread trails only enough to stop the leak, notify ordnance maintenance
for stability but still allow air lines to be connected, personnel.
then lower firing jack. (3) Test all air brake hose connectors for

(2) hec thetrael f th brke daphagm leakage. If a leak occurs at the joint between the
(2)shec mothrly of teasrn brae diarag connector body and connector nut, tighten the nut.

push rodsh montybesringithe istbace If this does not correct the leak, notify ordnance

diaphragm with the brakes released and with the maintenance personnel.
brakes applied. If the push rod travel is less than 3/ (4) Apply soapsuds to the air brake hose
inch, or more than 1 inch, adjust the brakes. Also, couplings. If a leak occurs at a coupling and the
when the handbrake latch is positioned in the coupling is securely in position, detach the
third notch of the rack, the broke should be fully coupling from the prime mover, remove the air
engaged. brake hose coupling packing ring, and replace it

(3) Spread the trails to their fully open wihanwoe
position and raise the carriage on the firing jack (5) Apply soapsuds to thejoint between the air
until the wheels are clear of the ground. Release filter cover and the air filter body. If a leak is
the carriage handbrakes. evident, tighten the hexagon head screws holding

(4) Rotate the wheel and, at the same time, the cover to the body. If this fails to stp the leak,
turn the brake adjusting screw on the slack notify ordnance maintenance personnel.
adjuster until the brake stops the wheel from (6) Apply soapsuds to all joints and
turning. Then back off the adjusting screw until connections on the air tank and emergency relay
the wheel turns freely. valve. If any leakage is found, notify ordnance

(5) Remove the wheel and tire assembly and maintenance personnel.
insert a thickness gage or feeler through the f, Lubricate. Lubricate as prescribed in the
inspection hole in the brakedrum to check the lubrication order.
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g. Check tire pressure. Keep the pressure at 50 b. Location. The firing jack on both models is
pounds in each tire. A tire that is soft will have attached to the front part of the bottom carriage.
more road contact and will cause the other tire to c. Purpose. The firing jack supports the weight
skid sooner. of the front part of the weapon while the wheels are
5-6. Wheels, Hubs, and Tires off the ground and provides one point of the

a. Wheels. The early model 155-mm howitzer three-point suspension system for stability during

wheel consists of a wheel disk and rim, a wheel tire firing.
rim, and 18 wheel ring retaining nuts. The later d. Traveling lock. The traveling lock is a
model wheel consists of a wheel disc and rim and a triangular-shaped casting which is hinged to the
side rim. The wheel is held in place by 10 nuts. The front part of the bottom carriage by means of the
studs for these nuts are in the wheel hub and are traveling lock bracket. Its purpose is to support the
inscribed with the letters "L" or "R" to indicate the tipping parts of the weapon during travel.
type of threading on that stud. 5-8. Firing Jack (Rack and Pinion Type)

b. Hubs. For Carriage MIAl

(1) Each hub is supported on the axle spindle a. Components.
by two tapered roller bearings. (1) Rack gear plunger.

(2) Grease retainers prevent grease from (2) Ratchet plunger.
leaking into the brakedrum.

(3) Each hub has 10 mounting bolts for (3) Firing jack handles.
securing the brakedrum. (4) Firing jack key.

c. Tires. Each tire assembly consists of a 14.00 x (5) Housing bottom cover.

20 tire, a 14.00 x 20 tire tube, and a tire bead lock. (6) Firing jack float.
When the tire is mounted on the wheel, the beadlock holds the tire beads against the rear wheel (7) Wormshaft ratchet wheel.

disc bead and the outside ring, which serves as the
outer wheel disc bead. On the early model, the M 04CAcAD
outside ring is secured to the wheel by the 18 wheel M frs POP
ring retaining nuts. The outside ring of the later
model wheel is a tension ring which locks behind a
small front bead of the wheel disc and acts as the
outer bead for retaining the tire. The correct air
pressure is 50 pounds.

d. Care and maintenance.

(1) Keep tire pressure uniform.

(2) Check to insure that the tire tread depth is
at least '/a inch and that there are no severe cuts or
breaks in the tires.

(3) Repack the wheel bearings with grease,
automotive and artillery (GAA), annually or if the
grease is found to be emulsified after fording
operations.

5-7. Firing Jack and Traveling Lock
a. General. The firing jack and traveling lock RIN

used on the MIA1 carriage of the M114 howitzer
differs from that used on the MIA2 carriage (fig
5-6) of the MI 14A1 howitzer in the following ways:

(1) The firing jack for carriage M1A1 has a
rack gear type of plunger.

(2) The firing jack for carriage M1A2 has an
internal screw type of plunger (fig 5-7).

(3) The traveling lock for carriage M1A2 is NA ,O 1430"

equipped with a firing jack hanger (fig 5-8),
whereas the traveling lock for carriage MIAI is Figure 5-6. Carriage MIA2 firin jack and
not so equipped. traveling lock-firing position.

5-7

.... .. . - -. ... .l , .... ..---.



JA" IATCO V follows: Turn the two ratchet plungers until the
Aarrows point downward. Remove the firing jack

"AN S oC(S plunger locking lever. Lower the firing jack
plunger by rotating the ratchet housings by their
handles until the plunger is near the ground.

,G Remove the jack housing bottom cover from the
FIRING Jlower end of the jack plunger. Install the jack floaton the flat-sided ball end of the plunger by placing

the float socket over the ball. Secure the float by
rotating it 1A turn. Install the jack handles in the
sockets provided in the ratchet cases and operate
the handles vertically to raise the carriage until
the plunger reaches its limits. Open the keyway
cover and install the firing jack key. Reverse the
arrows on the ratchet plunger handles and lower
the carriage until the weight is supported by the
firing jack key, thereby releasing the load from theS jack mechanism.

c. Maintenance. Remove the plunger and-

U O4397A (1) Check for burs, rust, and dirt.

Figure 5-7. Carriage MIA2 rotating firing jack (2) Lubricate.
ratchet body. 5-9. Firing Jack (Internal Screw Type)

(8) Wormshaft. For Carriage M IA2

(9) Pinion shaft. a. Components.

(10) Pinion shaft worm wheel. (1) Firing jack plunger.

b. Functioning. To lower the rack-type jack (2) Firing jack ratchet body.
(raise the carriage on the firing jack), proceed as (3) Firing jack ratchet plunger.

(4) Ratchet plunger stop.

,o, (5) Firing jack ratchet pin.

(6) Firing jack handle sockets.

(7) Firing jack handles.

(8) Traveling lock and firing jack locking pin.

(9) Firing jack hanger.

b. Functioning. To lower the screw-type jack
(raise the carriage on the firing jack), proceed as
follows: Remove the firing jack bracket pin from

"=doA LoA0 the bracket. Remove the traveling lock and firing
jack locking pin. Raise the jack to unlatch the
firing jack hanger. Lower the jack to the vertical
position and secure it in the firing jack bracket by
reinstalling the bracket pin. Place the jack float
under the jack. Remove the traveling lock locking
pin. Lower the traveling lock and elevate the
weapon. Move the ratchet pin toward the ratchet
plunger as far as it will go. Rotate the ratchet body
clockwise to lower the jack plunger near the
ground. Secure the float to the flat-aided ball end
of the jack plunger by placing the float socket over

11 10 the ball and rotating the float % turn. Install the
jack handles in the sockets of the ratchet housing

WE 1317 and operate them in a horizontal plane until the
plunger is fully extended. Failure to jack the

Figure 5-8. Carriage MIA2 firing jack and traveling howitzer to the fully raised position will preclude (
lock-traveling position. reaching maximum elevation. Lock the jack in the
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extended position by depressing the ratchet and trails.
plunger until it engages the plunger stop. Make (3) Prvie a mount for the firing jack,
sure the ratchet pin is. in its position nearest the traveling lock, and traversing arc.
ratchet plunger.

c. Fow f poer.Thepowe flws rom he ack(4) Provides a base for the trails, which are
handles through the firing jack ratchet body to the (hing-l e boetoei each side of the bottomge
internal screw which is housed in the firing jack (Busig-locied bore ail eahie of te btto
plunger. The screw telescopes within the plunger, crig orcietetalhnepn.
thus moving the plunger up or down. (5) Serves as a base for the wheel spindles and

CA UTION. If the firing jack plunger reaches brake mechanisms, which are attached to each
the fully extended position, care must be exercised side of the bottom carriage.
to avoid breaking the firing stop. The firing jack 5- 11. Top Carriage Assembly
ratchet pin must be in its position nearest the a. Definition. The top carriage assembly
firing jack ratchet plunger, with the ratchet consists of all parts which move in traverse and in
plunger engaged in its stop, in order to lock the elevation, except the shields.
firing jack in the firing position. b. Construction. The top carriage is constructed

d. Mintnane. Eery6 mnths reovethe of welded steel. It has a circular base and two arms
breather element and clean it with drycleaning that extend rearward and upward.
solvent or volatile mineral spirits. Dry and
saturate the element with oil, lubricating and c. Purpose. The top carriage supports the
preservative, as prescribed in the lubrication howitzer and recoil mechanism, the elevating and
order. Keep the firing jack plunger clean, traversing mechanisms, the shields, and the

sighting equipment. It is supported by and rotates
Note. Insure to keep the four breather parts on the bottom carriage. Equilibrator brackets are

clean at all times. on the upper ends of the top carriage arms. The
5-10. Bottom Carriage bracket for the variable recoil control rod is on the

a. Construction. The bottom carriage (fig 5-9) of upper edge of the right top carriage arm.
the 155-mm howitzer, towed, is constructed of d. Functioning. The top carriage is fastened to
welded steel. the bottom carrage by means of a pintle (fig 5-10).

*b. Purpose. The bottom carriage- The pintle is a tubular projection extending
(1) upprtsthe eigtofthetop arrageand downward from the center of the top carriage. Itthe Supot th eih)o h tpcarag n rotates in the pintle bushing of the bottom carriageth ipig pat.and is the pivot about which the top carriage

(2) Transmits firing stresses to the firing jack rotates in traverse. The weight of the top carriage

Fgure 5-9. Bottom carriage.
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Figure 5-10. Pintle and pintle bearing schematic, 155-mm howitzer MIA] and MIA2.

and associated parts is supported on the two clockwise moves the tube to the left; turning the
belville springs, which transmit the load through handwheel counterclockwise moves the tube to the
antifriction bearings to the bottom carriage and right.
raise the pintle and top carriage off the liner of the c. Maintenance. Check the traversing
bottom carriage about 0.005 inch. When the mechanism for-
weapon is fired, the belville springs are
compressed and the load is then transmitted from (1) Ease of traverse to both limits.
the smooth underside of the top carriage to the (2) Burrs, damage, loose play, and need of
bottom carriage. This arrangement (the top lubrication.
carriage being rotated on antifriction bearings)
results in easy traverse and relieves the (3) Loose connections.
antifriction bearings of the stresses of firing. (4) Backlash. Backlash exceeding 1/6 turn of

e. Maintenance. Loose parts should be the handwheelshouldbereportedtodirectsupport
tightened and the assembly cleaned and maintenance personnel for correction.
lubricated as prescribed in the lubrication order. (5) Tightness of the safety nut on the

5-12. Traveme handwheel.

a. General. The traverse used on the towed (6) Handwheel handle lubrication. The
155-mm howitzer is the pintle type. The total angle handwheel handle and tl-e arc and pinion should
of on-carriage traverse is 866 mils-448 mile right be oiled weekly.
and 418 mils left of center. Traverse is limited by Note. When operating in extremely sandy or
the top carriage contactng stops welded to the dusty terrain, wipe the arc and pinion gears clean
bottom carriage. of all oil before traversing.

b. Traversing mechanism. The traversing 5-13. Elevation
mechanism (fig 5-11) controls the movement of the
weapon in azimuth and is of the arc and pinion a. General. The trunnions of the cradle are
type, employing a worm and worm wheel. The mounted in bearing on the top cariage arms and
worm and worm wheel create an irreversible flow form the pivot about which the cannon rotates in
of power, thus preventing the weapon from elevation. The total angle through which the
traversing due to shock of firing. The rate o' cannon can be elevated is from 0 to 1,156 mile.
traverse per turn of the handwheel is b. Elevating mechanism. The elevating (7
approximately 10 mile. Turning the handwheel mechanism (figs 5-12) controls the movement of the
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TRAVERSING CONNECTING SHAFT

A X

TRAVERSINGAR
WRMEEIN TRAVERSING WORMWORM WHEEL

Figure 5-11. Arc and pinion type of traversing mechanism.

weapon in elevation and, like the traversing and depressing the tube.
mechanism, is of the arc and pinion type, (., Check the teeth on the elevating arc for
employing a worm and worm wheel. The worm burs or damage.
and worm wheel make the elevating mechanism
an irreversible type. The rate of elevation per turn (3) Check for backlash. Backlash exceeding
of the handwheel is approximately 15 mils. 1/6 turn of the handwheel should be reported to
Elevation islimited by stops ontheendsofthearc. direct support maintenance personnel for

c. Maintenance. correction.

(1) Check for ease of operation in elevating (4) Check for loose connections.

ELEVATINGAC -

E LE VATI NG
HANDWHEEL

SHAFT

/ ELEVATING WORM

ELEVATING WORM WHEEL

Figure 5-12. Arc and pinion type of elevating mechanism.
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(5) Always maintain a light coat of lubricant when the following conditions exist:
on the gear trains. (a) The howitzer is slightly muzzle-heavy

(6) Check the safety nut on the handwheel without a round in the breech.
(must be tight). (b) The three adjusting nuts on each

(7) Oil the handwheel handle and the arc and equilibrator are equally distant from the ends of
pinion weekly. the equilibrator guide rods.

Note. When the weapon operates in extremely
sandy or dusty terrain, wipe the arc and pinion (2) To test the equilibrators for proper
gears clean of all oil before elevating, adjustment, level the carriage and load

approximately 54 pounds into the powder chamber
(8) Check the function of the variable recoil to simulate one-half the weight of a projectile and

cam. (The cam rotates the throttling rod in the propelling charge. Elevate and depress the tube
recoil cylinder when the tube is elevated.) through the full range ofmovement. If the tubecan

be elevated and depressed with approximately the
5-14. Equilibrators same handwheel effort, the adjustment is

a. Purpose. The equilibrators compensate for satisfactory with respect to the balance of the
the unbalanced weight of the tube caused by the weapon.
rear-mounted trunnions and reduce the manual e. Adjustment of equilibrators.
effort required to elevate the tube. (1) Make the test for proper adjustment

b. Type and construction. The equilibrators described in d(2) above.
used on the towed 155-mm howitzer are ofthe open (2) If the three adjusting nuts on each
spring lifter type. The four springs in each equilibrator are not equally distant from the ends
equilibrator are assembled in pairs with one of the rods, adjust the nuts until each one is an
spring inside the other. The two pairs of springs equal distance from the end of the rod. This can be
are assembled to the equilibrator tube and are accomplished by removing the jamnuts and
separated by a spacer. The spacer is built so that it measuring or counting the number of exposed
may slide up and down the tube. The springs are threads from the end of the guide rod to each
retained at the front by the front end of the
equilibrator tube and at the rear by the rear spring adjusting nut.
seat. The rear spring seat slides to compress the WARNING: Under no circumstances will the
springs. The equilibrator guide rods are connected adjusting nuts be removed for the rods except by
to the front of the equilibrator tube which, in turn, authorized support maintenance personnel.
is connected to the cylinder yoke. The rear end of (3) If more handwheel effort is required to
the equilibrator tube is fastened to the equilibrator elevate the tube than to depress it, tighten the
bracket. The assembly is kept in alinement by the adjusting nuts (clockwise) to increase spring
front end of the tube spacer and rear spring seat compression.sliding on the tube and rods. Note. If one adjusting nut is turned a complete

c. Functioning. The equilibrators connect the turn, more than one turn, or less than a full turn,
cylinder yoke with the equilibrator mounting all other adjusting nuts must be turned the same
brackets on the top carriage. Th springs are amount.
compressed as the howitzer is depressed,
counterbalancing the muzzle-heavy weight of the (4) If more handwheel effort is required to
tipping parts and eliminating the need for depress the tube than to elevate it, loosen the
manually braking their descent. Energy is stored adjusting nuts (counterclockwise) to reduce
in the springs as they are compressed. The compression.
compressed springs expand as the howitzer is (5) Check adjustment and, ifthe adjustment is
elevated, releasing energy and exerting an upward satisfactory, replace and tighten all jamnut.
force on the weapon, thereby easing the. manual
effort required to elevate it. f. Maintenance. Wipe the equilibrator springs,

d. Testing for proper adjustment. rods, and tubes weekly; clean them with a clean
cloth and then apply a coat of lubricating oil,

(1) The equilibrators are properly adjusted general purpose (PL).

Section III. BARREL AND BREECH ASSEMBLIES
5-15. Barrel Ammbly guides, and keys.

The barrel assembly of the 155-mm howitzer, a. Construction. The tube is made from an alloy
towed, consists of the tube, breech ring, brackets, steel ingot, which is poured and then hot-forged
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into a cylindrical shape by means of a (7) Counterbore-That portion of the muzzle
high-pressure press. A hole is then bored through end of the tube that is rebored for a predetermined
the center, the outer surface is rough-turned, and distance so as to increase the tube diameter by
the barrel is machined. The inside of the barrel is removing the lands from that portion of the tube.
machined with a bore guidance system, which The purpose of the counterbore is to relieve stress
insures the straightness of the tube to within when the weapon is fired.
0.005-inch throughout its entire length. d. Characteristics. The characteristics of the

barrel assembly are as follows:
b. Exterior parts. The exterior of the tube is a

smoothly finished bearing surface which slides in (1) Caiber-155-mm or 6.102 inches between
the recoil mechanism cradle and cylinder yoke opposite lands.
during recoil. It is not tapered but is stepped up to (2) Length of tube from the muzzle to the rear
the rear of the cylinder yoke inside the gun cover, of the gas-check seat-23 calibers or 140.336
The rear end of the tube is threaded so that the inches.
breech ring may be screwed onto the tube and
locked in place by a key on top of the breech ring. (3) Length of rifling (bore)-113.l0 inches.
Rotation of the tube during recoil is prevented by (4) Muzzle velocity--564 meters per second.
two recoil guide keys located on the upper right (5) Maximum chamber pressure-31,000
side of the tube, one which is near th breech ring
and the other midway along the tube. These two pounds per square inch.
recoil guide keys ride in the keyway in the upper (6) Lands and grooves--48.
right side of the cradle and the cylinder yoke. (7) Rifling-Uniform right-hand twist of 1

c. Interior parts. The interior parts consist of the turn in 25 calibers for the M114A1 and 1 turn in 20
following: calibers for the M114A2.

(1) Breech recess-Houses the breechblock (8) Maximum range-14,600 meters. 19,400
meters on the Ml14A2 firing the M549 RAP with

when the breechblock is in the closed position, charge 7.

(2) Gas-check seat-That part of the rear (9) Rate offire-Maximum rateis 4 rounds per
portion of thebore which is tapered to receive the minute for the first 3 minutes; sustained rate of fire
split rings and the gas-check pad, thereby sealing is I round per minute.
the breech (performing rearward obturation).

e. Tube and breech life. Each round of
(3) Powder chamber-That portion of the bore ammunition fired through a cannon tube causes

designated to house the propelling charge. wear and erosion of the tube, which results in a

(4) Centering slope-The tapered portion of change of the dimensions of the bore. For most gun
the bore forward of the powder chamber, designed tubes and some howitzer tubes, the extent of wear
to cause the projectile to be centerd and seated in determines the remaining life of the tube. In
the bore. addition to wear and erosion, each round produces

(5) Forcing cone-The rear portion of the metal fatigue, a process in which heat and

main bore, which is formed by tapering the rear of expanding gases weaken the metal in the tube and
breech and reduce the tube and breech life. Thethe lands. Its function is to gradually engage the remaining life of a tube can be determined by

rotating band of the projectile, thereby sealing the coning the oud firedteie fl

forward end of the powder chamber (performing converting the rounds fired to equivalent full
forwad oburaton).charge (EFC) rounds and subtracting the EFC

forward obturation). rounds fired from the EFC life of the tube. Table

(6) Main bore-Includes all that portion 5-1 shows the tube and breech life and the EFC
forward of the centering slope; that is, the entire factors for the M114, M114A1, and M123A1
rifled portion of the bore. howitzers, extracted from TM 9-1300-202-10.

Table 5-1. Condemnation Criteria for Tubes and Breech Assemblies

Major Item Cannon Tube EFC Ufe of Tube EFC Factor Breech Life

155-mm howitzers M1 14A1 M1 2,000 rounds Charge 7 = 1.00 No retubing
and M114A2 Charge 1-6 = 0.25

155-mm howitzer M114A1 MIA1 7,500 rounds Charge 7 = 1.00 No retubing
Charge 1-6 = 0.25

;, " 155-mm howitzer M 114A2 M1A2 7,500 rounds Charge 7 = 1.00 No rewbing1Charge 1-6 = 0.25
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5-16. Barrel Maintenance (2) Oil, lubricating, preservative, medium,
a. General. The two cardinal enemies of a will be used on all other bearing surfaces in

cannon are corrosion and erosion. Corrosion, or temperatures above 320 F.
rust, is caused primarily by the propellant residue (3) Oil, lubricating, preservative, special, will
(primer salts) deposited in the cannon after firing, be used if the temperature is below 320 F.
The salts absorb moisture from the atmosphere,e.EoinTortdeosnmpyth
and the solution thus formed combines chemically efoElowin toetadeoinepo:h
with the metal of the barrel to form corrosion. floigpatcs
Erosion is a wearing away of the metal and is (1) Use the lowest charge commensurate with
caused primarily by heat, pressure, and abrasion. the mission.
Corrosion can be prevented; erosion cannot be
completely prevented but can be retarded. (2) Use the lowest rate of fire commensurate
Procedures for preventing corrosion, the cleaning with the mission.
solution and lubricants to be used, and practices (3) Let the weapon rest 10 minutes per hour.
for retarding erosion are discussed in b through e (These rest periods are to be used for cleaning and
below. maintenance of the weapon.)

b. Corrosion. To prevent corrosion, use the (4) Swab the tube with cold water during lulls
following cleaning procedures: in firing.

(1) Clean the tube with rifle bore cleaner (5) Use clean ammunition.
(RBC) the day of firing and for 3 consecutive days(6Besrththepocilisrpry
after firing, making a total of a least four(6Beseththepocilisrpry
cleanings. After each cleaning, leave a coating of rammed.
RBC in the tube overnight. After the fourth 5-17. Breech Ring and Breechblock
cleaning, if the weapon is not to be fired within 24a.Tebecrigsthaddnenlyad
hours, wipe the tube dry, inspect the tube, and a.rTe brte erng is theadueI intnllyke anlubricate with oil, lubricating, preservative, psietiont thaey irend of ug the tue.Ipiplceri
mei ttemperature s isboveo 320 F. oil, lurctng forward wall of the breech ring. It supports thepreservative, ispteil.31F silbiaig breech mechanism (fig 5-13) and forms thepresrvatvespecal.housing for the breechblock. It has lugs on the top

(2) If the tube continues to sweat after the and bottom near the front edge for attaching the
fourth cleaning, continue daily cleaning until the counterrecoil and recoil piston rods. Quadrant
sweating stops. seats are located on the top of the breech ring.

(3) When the weapon is not being fired, clean b. The breechblock is of the stepped-thread,
the tube weekly with RBC and then wipe dry, interrupted-screw type. It employs the DeBang
inspect, ad reoil as described in (1) above, obturator device for preventing gasses from

c. Cleaning solutions. escaping to the rear. The firing mechanism Ml,
which is a percussion hammer type of mechanism,

(1) Rifle bore cleaner. Rifle bore cleaner, is; used with the breechblock.
abbreviated on lubrication orders as CR, 61S oneblneAsml
evaporates at 1500 F; therefore, the tube should be 58 oneblneAsml
cool when being cleaned. Rifle bore cleaner is not a a. The counterbalance assembly (fig 7-13) is a
lubricant, but it is effective as a rust inhibitor for cylinder with closed ends. The cylinder contains a
24 to 48 hours, and it should never be diluted. relatively strong compression spring and is

(2) Alternate solution. When rifle bore cleaner moneontebecrigThspngs
is not available, an alternate solution of 1 -pound compressed between the head of the cylinder and
of castile or GI soap mixed in a gallon of water may the counterbalance piston. The counterbalance is
be used. Hot water is preferable because it will connected to the breechblock carrier hinge pin by
dissolve soap more readily. The tube should be means of the counterbalance piston rod.
cleaned while it is still hot so that the solution may b. The purpose of the counterbalance is to assist
get into the pores of the metal to wash out the in closing the breech. It also holds the breechblock
primer salts. The same procedures as those in the fully open position to facilitate loading the
described in b above will be used in cleaning the cannon.
tube with this solution except that the tube must be 51.DssebyadMitnneo hrinsed, dried, and lubricated after each daily Br-ech Dia eblyandintnncmf hcleaning. Bec ehns

d. Lubricants. CAUTION Do not attempt to disassemble the
breech mechanism with the breech partially or

(1) Oil, lubricating, preservative, will be used fully closed. If the mechanism is disassembled
on the front bearing surface of the tube. when the breech is partially or fully closed, the
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Figure 5-13. Breech mechanism-right rear view.
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UNT BN, ?split rings and gas-check pad will drop into the
.'1_R SPA CER threads of the breech recess, which could cause

serious damage to the rings and threads and
prevent opening or closing of the breech.

a. Disassembly. To disassemble the
breechblock (figs 5-13, 5-14, 5-15, 5-16, and5-17)-

COiTE RBALAN- E (1) Remove the firing mechanism.

(2) With the breech mechanism in the closed
position, remove the breechblock control arc.

(3) Open the breech and place the
counterbalance cylinder spacer between the
shoulder of the eye on the counterbalance piston
rod and the counterbalance cylinder head. Then
swing the carrier toward the closed position until
the eye on the counterbalance piston rod can be
lifted over the head of the hinge pin body pin.

CAUTION: When the counterbalance spacer is
in position on the counterbalance piston rod, the
counterbalance should be handled only by the
cylinder body.

(4) Rotate the breechblock operating handle
-' ,CHBLOCK OPERATING HANDLE anA swing the breech to the fully open position and

rei iove the firing mechanism housing lock screw.
I. Remove the socket head capscrew and then

A PD 4 remove the safety latch stop and spring. Rotate the
,PD I4393B breechblock operating handle to the closed

position and slide the safety latch and safety latch
plunger to the right. Unscrew the firing

Figure 5-14. Installing the counterbalance cylinder mechanism housing and remove the firing
(. spacer on (or removing it from) the mechanism housing adapter, the obturator

counterbalance piston rod. spindle assembly, and the gas-check pad
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,8'URATCR OBTURTOR SPINDLE . a. Place the breechblock carrier bearing washer
Von the lower lug of the breech ring which supports

P IN MN the breechblock carrier hinge pin lug on the
, ,breechblock carrier. Then place the carrier

assembly with the washer assembly into position_between the hinge pin lugs on the right side of the
breech ring.

b. Support the carrier in the above position and
iPRIMER nsert the breechblock carrier hinge pin from the
top. Push the pin downward through the hinge pin
lug and breechblock carrier.

c. Slowly rotate the hinge pin so that the square
portion, at the lower end, will enter the square hole

S64. 6A IN- in the driving washer and be positioned in such a
OBTURATOR/ SPIN)L manner that an extension of the two flat surfaces

P1IG CASKET at the bottom end of the hinge pin would run
Figure 5-18. Checking primer Beat inl obturator rearward and to the left. If the hinge pin sticks, use

spindle plug. a wooden or leather mallet to tap it downward,being careful not to strike the oilcan point in the

(6) Remove the breechblock from the top of the pin.
breechblock carrier. d. Place the breechblock carrier hinge pin in

(7) Remove the breechblock driver retaining such a position that it will receive the
ring lock screw which holds the breechblock driver counterbalance when the breech is in the partially
retaining plain round nut to the carrier, unscrew closed position.
the retaining plain round nut from the carrier, and e. From the inside of the breechblock carrier,
remove the driver, insert the operating handle crankshaft assembly

(8) Remove the breechblock operating handle into the bore through the right side of the carrier.
retaining shoulder bolt and remove the f. Insert the crankshaft journal, small diameter
breechblock operating handle. Unscrew and end first, into the crankshaft bore from the outside
remove the crankshaft journal detent. of the carrier. Screw the crankshaft journal detent

(9) Slide the cross head off its pivot. Withdraw into the rear of the carrier to secure the journal.
the crankshaft journal from its bore and remove g. Fit the breechblock operating handle to the
the breechblock operating handle crankshaft. slot in the crankshaft journal and secure the

(10) Drive the detent out ofthe hinge pin collar handle to the end of the crankshaft with the
and remove the collar. Withdraw the hinge pin operating handle retaining bolt.
from the hinge lug and remove the breechblock h. Place the breechblock crosshead on the arm
carrier from the hinge pin lug. Remove the of the crankshaft.
breechblock alining carrier bearing washer. i. Slide the breechblock driver onto the hub of

b. Maintenance. The breech mechanism is the breechblock carrier and screw the breechblock
subject to contamination from powder residue driver retaining plain round nut onto the carrier
working its way to and through the obturating hub. Secure the breechblock driver retaining ring
parts. For this reason, the mechanism must be lock screw.
disassembled and cleaned periodically to insure
proper functioning of the weapon. Clean the i. Place the operating handle in the vertical
obturating parts in the same manner as prescribed position and slide the breechblock assembly onto
for cleaning the barrel on the day of firing and for 3 the splined hub of the breechblock driver. Hold theconsecutive d hereafter. driver in such a position that the lug on themechanism, except the gas-check pad, with rifle breechblock body will fit the open side of the large

bore cleaner. Remove all powder stains, rust, or circular flange on the right side ofthe driver. Aline
burs by using crocus cloth if necessary. Wipe the the breechblock body so that the crosshead can be
gas-check pad with a clean dry cloth or clean it guided into its groove in the breechblock assembly.
with hot soapy water and wipe it dry. After k. Insert the obturator spindle sleeve into the
cleaning and drying the mechanism, use the breechblock carrier, aline the key on the sleeve to
proper lubricants as prescribed by LO the keyway in the carrier bore, and slide the sleeve
9-1025-200-10 before reassembling the parts. forward. Replace the safety latch and safety latch

5-20. Assembly of the Breech Mechanism plunger. Insert the obturator spindle assembly
into the bore of the breechblock, insuring that the

To assemble the breech mechanism- split rings are in the proper position (splits
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opposite one another), and through the bore of the m. Set the headspace. The headspace, as
obturator spindle sleeve. Place the gas-check pad measured by the headspace gage, is the distance
compressing spring into the rear bore ofthe carrier between the rear face of the firing mechanism
and press the firing mechanism housing adapter housing and the end of the obturator spindle plug.
in behind the spring. Excessive headapace can result in a ruptured

WARNING: Failure to install the firing primer and early failure of the spindle due to gas
mechanism safety latch plunger will permit erosion, commonly known as gas wash, in the
installation of the firing mechanism M1 before the primer seat. To check the headspace (fig 5-19),
breech is completely closed and locked. Firing the insert the headspace gage into the firing
howitzer, with the breech not locked, will produce mechanism housing. If the headspace is adjusted
breech blowback with possible serious injury to correctly, there will be a space of 1/16 inch (plus or
personnel. The practice of omitting the firing minus 1/32 inch) between the rear face of thefiring
mechanism safety latch plunger during assembly mechanism housing and the shoulder of the
of the breech mechanism is strictly prohibited. headspace gage.

. Screw the firing mechanism housing and n. With the operating handle downward, insert
firing mechanism housing adapter onto the the breechblock control arc into its recess on the
obturator spindle as far as it will go and then back right side of the breech ring and secure it with the
it off slightly to the nearest position in which the breechblock control arc screw.
hole in the housing will aline with the safety latch
plunger. This must be done to allow the plunger to o. Swing the breechblock toward the closed
enter the hole freely and to allow installation of the position until the eye ond of counterbalance piston
firing mechanism housing lock screw. Rotate the rod can be replaced over the head of the hinge pin
breechblock operating handle to the open position body pin. Open the breechblock and remove the
and replace the firing mechanism housing lock spacer from the counterbalance piston rod.
screw. Install the safety latch stop spring and p. Carefully swing the breechblock into the
socket head capscrew. closed position, easing the breechblock into the

FIRING MECHANISM HOUSING

MECHANISM
HOUSINGHFIRING
ADAPTERMEHNS

OBTURATOR HEADSPACE GAGE -
SPI NDLE 4933-722-5952

" '--WRONG /  0 B

HEADSPACE GAGE - 4933-722-5952 WE 64580A

Figure 5-19. Checkine h s Pace.
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breech recess without permitting the edges of one (3) To adjust the counterbalance, use a
part to strike those of another. Check the operation wrench ()to turn the piston rod(i). To decrease
of the breech mechanism and the adjustment of the breech closing effort, turn the piston
the counterbalance. If the counterbalance is out of rod (Mclockwise to tighten the spring. If the
adjustment, adjust it as follows: counterbalance closes the breech with too much

force, turn the piston rod counterclockwise to
loosen the spring.

Note. Do not turn the piston rod more than ten
complete turns in a counterclockwise direction
from its original position; to do so may reverse the
piston rod and render the mechanism inoperative.

3(4) Reconnect the piston rod and test the
adjustment by opening and closing the breech
mechanism. If further adjustment is required,

2repeat the adjustment in paragraph (3).

5-21. Firing Mehanism M1
a. General. The firing mechanism M1 (figs 5-20

and 5-21) consists of the firing mechanism
housing assembly, the firing pin, and related
parts. The firing pin housing, the firing pin guide,
and the primer holder retain the firing pin in

(1) Open the breechblock enough to insert position. The firing mechanism M1 screws as a
counterbalance cylinder spacer () between the unit into the firing mechanism housing in the rear
counterbalance piston rod end 2and the end of the breechblock carrier.
counterbalance cylinder head 0.

(2) Close the breechblock sufficiently to lift
the counterbalance piston rod end ®from the
hinge pin FIRI N MECHAN.SM FIRING MECHANISM

LOCKING PLuNGER LOCKING PLUNGER
H4ANDLE

oVol

5 FIRING PON

RIM OF PRIMER FIRING MECHANISM
INSERTEO IHERE HANDLE ARM( RAPO 143951

Figure 5-20. Prng mechanism Ml-
front and rear views.

b. Functioning. With the primer inserted in the
primer holder, the firing mechanism is screwed
clockwise into its housing. A strong pull on the
lanyard attached to the percussion hammer will
cause the percussion hammer to strike the firing
pin; the firing pin will move forward, striking the

Note. To prevent the counterbalance cylinder primer. The firing pin spring will retract the firing
spacer 1 from slipping off of the counterbalance pin from the primer. If the breechblock is not
piston rod(2)when the rod is turned, a hose completely closed, the firing mechanism cannot be
clamp(1) should be placed on the spacer to secure it screwed completely into its housing. This will
to the rod. position the safety rim on the firing mechanism
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INC.^NA.M BLOCK pin housing. Unscrew the firing pin housing
POWE FIIN I WM" counterclockwise from the rear of the firing
HOLDR S RIM mechanism block.

IA5KYVb. Remove the firing pin and the firing pin

WFIRING P4N SPRING spring from the rear of the block.
U J"W4 PIN c. Unscrew the primer holder clockwise from the

Z IQ front of the block. Remove the firing pin guide.

JeTAI - d. Clean all parts with rifle bore cleaner. Wipe
AI N ____ the parts dry. Inspect the parts and oil them with

MNM. , HOUSWG oil, lubricating, preservative, medium or special.
I LOCKW SPRING FIRING

PLUINGER IM

I J;HW #MC,.NSM HAND,~L GUI 5-23. Assembly of the Firing M-1hanism M1
A O143952A a. Insert the firing pin guide and screw the

primer holder counterclockwise into the firing
Figure 5-21. Firing mechanism MI-detaied view. mechanism block from the front of the block.

Ml in such a way that it will prevent the b. Insert the firing pin and firing pin spring

percussion hammer from striking the firing pin. from the rear of the block.
of c. Screw the firing pin housing clockwise into

-22. Disassembly othe Firing Mechnism M1 the rear of the firing mechanism block. Insert both
a. Remove both safety setscrews from the firing safety setscrews into the firing mechanism block.

mechanism block (figs 5-20 and 5-21). Do not These setscrews must be flush with or below the
loosen the shoe under the setscrew from the firing firing mechanism block.

Section IV. RECOIL MECHANISM

5-24. Type of Recoil Mechanism d. Independent indicates that there is no

The recoil mechanism employed in the 155-mm passage for liquid between the recoil cylinder and
howitzer, towed, is of the hydropnematic, variable, the recuperator cylinder.
independent type with floating piston. An
explanation of the nomenclature follows. 5-25. Purposes of the Recoil Mechanism

a. Hydro indicates that the mechanism employs The purposes of the recoil mechanism are-
a liquid; the liquid used is recoil oil. Recoil oil is a a. To stop the recoilingparts. The recoil portion
petroleum-base hydraulic fluid. There are of the recoil mechanism must absorb and control
presently three types of recoil oil (OHT, OHA, and the rearward thrust of the weapon when it is fired
OHC) authorized for use in field artillery weapons. to prevent excessive shock to or displacement of
OHT is the preferred oil because it provides greater the carriage.
protection against corrosion. The oils can be
mixed; however, mixing should be avoided if b. To return the recoiling parts. The recoil
possible because mixing may tend to dilute the mechanism causes the recoiling parts to return to
protection (additives) of one or more of the oils. A the in-battery position.
recoil mechanism that contains a mixture of oils c. To prevent shock. The recoiling parts must be
should be drained and refilled with the preferred returned to the in-battery position without
OHT as soon as it becomes available. All three oils excessive shock.
are red and have a temperature range of opertion d To hold the recoiling part. The tube and
from 41650 F to+150 0 F. other recoiling parts must be held in the in-battery

b. Pneumatic indicates that a gas is used. The position during travel and at all angles of

gas used in this weapon is nitrogen, which is elevation prior to firing.

relatively inactive and will not react on metal to
cause corrosion. 5-26. Components of the Recoil Mechanism

c. Variable indicates that there is a mechanical The recoil mechanism (fig 5-22) is mounted on
means for varying the length of recoil. Under the cradle and held by the cylinder yoke. It is
normal operating conditions, the length of recoil composed of the recoil cylinder, the variable recoil
varies from 41 inches to 60 inches, depending on cam assembly, the replenisher, and the
the angle of elevation. counterrecoil and recuperator cylinders.
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RECUPERATOR
CYLINIXR OIL

COUNTER FILLING VALVE
RECOIL RECUIERATOR SETSCREWCYLIND)ER CYLItNi R

OIL HOLES t

FILLING REPLENISHER

Figure 5-22. Recoil mechanism removed from carriage-left side view.

a. Recoil cylinder. The recoil cylinder (fig 5-23) of the recoil cylinder yoke. The purpose of the
is the large cylinder beneath the tube. The recoil replenisher is to maintain the proper amount of
piston, liner assembly, and piston rod are drilled recoil oil in the recoil cylinder at all times. The
concentrically to provide the 1)e(rc, in which the replenisher compensates for the contraction and
recoil throttling rod is located. T'he rear end of the expansion of oil due to temperature changes and
throttling rod is tapered to form a spearhead type changes in volume of oil required in the recoil
of buffer, and the end of the hollow piston rod cylinder during the recoil and the counterrecoil
forms a dashpot type of buffer chamber. The recoil strokes. The replenisher also provides a means of
throttling rod is attached to the packing head at checking the quantity of oil in the recoil system.
the front end of the recoil cylinder. The throttling c. Counterrecoil cylinder. The counterrecoil
rod has two long and two short grooves of varying cylinder is the smaller of the two cylinders above
depth@ cut lengthwise in its surface. Two of thene the tube. It contains a piston rod and a piston. The
grooves are 1800 apart, and each is 41 inches long. counterrecoil piston rod is connected to the lug on
The other two grooves are 1800 apart, and each is the brech ring. The piston is fitted with an oltight60 inches long. Recoil oil must flow through the tebec ig h itni itdwt nolih

grooves in the throttling rod in order to pass from packing. The counterrecoil respirator in the front

one side of the recoil piston to the other. At least end of the counterreoilcylinder is equipped with a
spring-loaded ball check valve. The purposeof the

two of the four grooves must be alined with the two valve is to release air and any oil which may seep
ports in the recoil piston to permit the flow of oil. past the piston from the front of the cylinder when

b. Replenisher. The replenisher (figs 5-22 and the piston moves forward during counterrecoil.

5-23) is a small cylinder containing a The counterrecoil cylinder isinterconnected with
spring-loaded piston and is located on the left side the recuperator cylinder by an oil passage.
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MOVEMENT OF REGULATOR VALVE

FLOATING PISTON PORTS OPENI 2 /3 4\j

i ,i ' ~z~rn~ll -# -- -

12 11 COUNTERRECOIL 10 9 MOVEMENT 3 713 ---- SYSTEM OF ROD
24 Z M 15

- -- va Is
22 21

RECOIL SYSTEM
ORD F9064

1 -Recuperator charging valve 13-Replenisher oil filling valve plug
2-Recuperator cylinder 14-Oil reserve in replenisher
3-Recuperator floating piston 15-Recoil throttling rod
4-Recuperator cylinder regulator valve 16-Recoil rod stuffing box head
5-Oil index 17-Buffer chamber in bore of recoil piston rod and liner
6-Recuperator cylinder filling valve assembly
7-Counterrecoil rod stuffing box head 18-Recoil throttling rod
8-Counterrecoil and recuperator cylinder head 19-Recoil cylinder

stuffing box 20-Variable recoil cam shaft
9-Counterrecoil cylinder 21-Recoil piston and liner assembly

lO-Counterrecoil piston rod 22-Variable recoil cam
11 -Counterrecoil piston assembly 23-Gear sectors
12-Counterrecoil cylinder respirator assembly 24-Throttling rod packing head

Figure 5-23. Recoil mechanism-recoil action

d. Recuperator cylinder. The recuperator gear which, in turn, moves the oil index. This
cylinder is the larger of the two cylinders above the action withdraws the rear end of the oil index into
tube. It contains a floating piston and the the outside face of the recuperator cylinder head.
regulator valve assembly. Th floating piston The weapon should not be fired when the oil index
provides a movable liquidtight and gastight seal has been withdrawn into the recuperator cylinder
to separate the nitrogen gas in one end of the head, since this indicates that no oil reserve is
cylinder from the oil in the other end. The regulator present.
valve assembly is housed in the rear end of the e. Variable recoil cam assembly. The variable
recuperator cylinder. It permits a free flow of oil recoil cam assembly is a device for controlling the
from the counterrecoil cylinder during recoil but rotation of the recoil throttling rod.
regulates the flow of oil back into the counterrecoilcylinder during counterrecoil. A recuperator oil 5-27. Functioning-Reoil Cye
index is located at the rear end of the recuperator a. Recoil cylinder. When the weapon is fired, the
cylinder. It indicates the presence of an oil reserve, tube recoils in the cradle (fig 5-23). Since the
which is necessary for the proper functioning of hollow piston rod (piston and liner assembly) is
the recoil mechanism. When no oil reserve is connected to a lug on the bottom of the breech ring,
present, the rear end of the floating piston presses it is drawn to the rear with the tube. As the recoil
on the oil index actuating rod. This rod actuates a piston is drawn to the rear, oil is forced through
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two ports in the recoil piston and through the control the flow of recoil oil back through the
throttlinggroovestotheforwardsideofthepiston. regulator valve assembly and into the
As the oil passes through the tapered throttling counterrecoil cylinder.
grooves, the flow of oil from the rearward side to
the forward side of the piston is gradually reduced (2) Since the floating piston is free to move,
and finally stopped. This throttling action absorbs the ener fl stored in the nitrogen gas reacts to
the greatest portion of the recoil energy. displace the floating piston to its normalin-battery position. As the floating piston moves

b. Counterrecoil and recuperator cylinders, toward its in-battery position, it displaces the oil
When the weapon is fired, the counterrecoil piston, from the recuperator cylinder through two small
being connected to the top of the breech ring, controlling ports in the regulator valve into the
moves rearward with the tube. The oil in the counterrecoil cylinder. The oil exerts pressure on
counterrecoil cylinder is forced through an oil the rear of the counterrecoil piston, moving the
passage and into the recuperator regulator valve counterrecoil piston forward and thereby pulling
assembly by the counterrecoil piston. The flow of the tube to the in-battery position.
oil under pressure opens a spring-loaded valve in
the regulator assembly, permitting a free flow of b. Recoil cylinder. As the counterrecoil piston
oil against the floating piston. The floating piston rod pulls the tube into battery, the recoil oil in front
moves forward, compressing the nitrogen gas. of the recoil piston flows through two ports in the
Thus, the throttling of oil in the recoil cylinder, the piston and the exposed throttling grooves in theincreased compression of the nitrogen gas in the recoil throttling rod. Uile throttling action occurs
ireaspear cm in a the friction of moving at this time in the recoil cylinder as compared torecuperator cylinder, and the fthat in the recuperator cylinder; however, as theparts stop the tube in recoil. tube nears the in-battery positionit is slowed
5-28. Functioning-Counterrecoil Cycle down and eased into battery by the spearhead-

a. Counterrecoil and recuperator cylinder, type buffer. The oil trapped in the buffer chamber
must escape through the centrally bored rotatable

(1) When the force of recoil is overcome, the throttling rod. Thus, the final movement of the
tube stops, the flow of recoil oil stops, and the tube is cushioned as the tube returns to battery.
spring-loaded valve in the regulator valve
assembly closes itself. In the head of the 5-29. Functioning of the Variable Recoil
recuperator regulator valve are two small Cam Assembly
counterrecoil controlling ports (fig 5-24), each of a. An arc gear sector is mounted on the forward
which is about 1/16 inch in diameter. These ports end of the throttling rod. This gear sector is

REGULATOR VALVE
MOVEMENT OF PORT! RESTRICTED

FLOATING PISTON

COUNTERRECOIL SYSTEM _ MOVEMENT

OF ROD

M59 - !NT

OF AD

RECOIL SYSTEM ORD M9063

Figure 5-24. Recoil mechanim-counterrecoil ation.
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THROTTLING ROD GEAR SECTORWWI
- VAR IABLE

RECOIL CAM
GEAR SECTOR

VARIABLE RECOIL

CAM HOUSING

VARIABLE RECOIL CONNECTING ROD CYLINDER YOKE

VARIABLE RECOIL CAM SHAFT VARIABLE RECOIL CAM CAM PIN
ORD F9533

Figure 5-25. Variable recoil cam-assembled and phantom views.

meshed with a similar gear sector mounted on the length of recoil is increased.
end of the variable recoil cam assembly (fig 5-25). . Whe long recoil is required at all angles of
The tubular cam is machined with a spiral, or elevation, as when firing the special projectile
S-shaped, slot. A cam pin, mounted on the cam
shaft, rides in the spiral slot. The shaft is M454, the variable recoil cam assembly must beconetre to the oprae b .The a e roil inactivated. To inactivate the assembly proceed asconnected to the top carriage by the variable recoil follows:
connecting rod. As the tube is elevated or
depressed, the connecting rod moves the shaft (1) Bring the howitzer to zero 3levation.
either forward or rearward, causing the cam pin on (2) Remove the 1A-inch pin (fig 5-26) from its
the shaft to turn the cam and its gear sector, which stowage bracket below the variable recoil shaft
in turn rotates the gear sector on the rotatable and install it in the drilled hole near the rear
throttling rod. The turning of the throttling rod (breech) end of the variable recoil shaft.
regulates the opening of the oil passages in the
throttling rod located in the recoil cylinder, (3) Disconnect the variable recoil connecting
thereby changing the length of recoil rod from the variable recoil shaft by removing the
automatically as the tube is elevated or depressed. 2-inch pin from the front (muzzle) end of the

b. For the first 444 mils of elevation, the cam pin connecting rod.

does not rotate the cam. At elevations of 444 to 711 (4) Install the %-inch pin in the stowage
mils, the cam pin rides in the curved portion of the bracket on the variable recoL connecting rod.
spiral slot and rotates the cam, and the two
60-inch grooves are moved partially out of line CA UTION: The variable recoil cam assembly
with the ports in the piston. This motion decreas will be damaged if the weapon is elevated with the
the size of the oil passages. At elevation above 711 'a-inch pin installed in the variable recoil shaft
mils, the two 60-inch grooves are completely out of and the variable recoil rod connected to the shaft.
line with the ports in the piston; therefore, at d. With the variable recoil cam assembly
elevations between 711 to 1,156 mils, the length of disconnected, a recoil pit, deep enough to allow for
recoil can be only 41 inches because a greater 60 inches of recoil when firing at high angles of
throttling action is caused and the flow of oil is elevation, must be dug.
stopped quicker in the shorter grooves. As the tube
is depressed, the opposite action occurs, and the e. To reactivate the variable recoil cam
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VARIABLE RECOIL
CONNECTING ROD

4-INCH PIN/

li-INCtH PIN VARIABLE RECOIL

SHAFT

Figure 5-26. Positioning pin in variable recoil shaft for firing M454 projectile.

assembly, bring the weapon to zero elevation, replenisher piston guide, and measure the distance
reconnect the variable recoil connecting rod to the from the rear face of the replenisher cylinder to the
variable recoil shaft with the '/2-inch pin, and end of the replenisher piston extension. The proper
reinstall the 1/4-inch pin in its stowage bracket reading is 51A inches, which indicates the correct
below the variable recoil shaft. amount of oil in the replenisher. A reading of 3 h

inches or less indicates too much oil in the
3iand Sevicing i replenisher, and a reading of 72 inches or more

indicates an insufficient amount of oil in the
Recoil Mechanism replenisher. If reading is 7% inches or more, attach

a. General. Battery-level checking and the pump, purge the hose, and add oil (fig 5-27)
servicing of the recoil mechanism is limited to until the reading is 5/ inches. If the reading is 31h
exterior cleaning, painting, and lubricating; inches or less, attach the liquid releasing and
draining and establishing the oil reserve in the filling tool and drain the oil (fig 5-27) in the
recuperator; and draining and establishing the replenisher until a reading of 51/ inches is
correct amount of oil in the replenisher. The obtained. For exact adjustment, the reading
replenisher and the recuperator cylinders must should be 5 h inches; however, the weapon can be
contain the proper quantity of oil at all times; safely fired when the replenisher oil is within the
otherwise the weapon will be damaged by firing. limits of 31/ to 71/ inches. The replenisher should
The oil reserve in the recuperator cylinder be checked prior to firing and after every l0 rounds
separates the floating piston from the regulator fired. When rapid fire is to take place and the
valve assembly. The compressed nitrogen gas in weapon is at ambient temperature, release the oil
the recuperator cylinder will exert pressure on the from the replenisher until the rear end of the piston
oil in the counterrecoil system only as long as there extension is 7% inches from the rear face of the
is oil between the regulator valve assembly and the replenisher. In an emergency, firing may be
floating piston. If the regulator valve assembly continued until the end of the piston extension is 2
and the floating piston come in contact with each inches from the rear face of the replenisher.
other, further movement of the floating piston is
prevented, and the pressure on the recoil oil drops Note. The replenisher of a nonfiring weapon
to zero. should be exercised monthly.

b. Replenisher. To check the oil in the c. Recuperator cylinder. Checking the position
( replenisher, remove the plug from the rear end of of the oil index indicates the presence or absence of

the replenisher cylinder, insert a ruler intw the fluid reserve in the recuperator cylinder. If a
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Figure 5-27. Draining and filling replenisher.
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protrude between 1/4 and 3/8 inch beyond the rear the filling valve.
face of the housing. If the oil index protrudes les
than '/4 inch, fluid should be added to establish the (6) Atahthutemedopheolhset.h
proper reserve. To establish the oil reserve, drain oipu .
off the existing reserve before refilling. This is (7) Operate oil pump handle until no air
accomplished by removing the recuperator oil bubbles appear at the filling plug adapter.
filling valve plug and installing the liquid (8) Tighten the filling plug adapter.
Irreleasing and filling tool assembly (fig 5-28). The
reserve fluid will spurt out in a stream and (9) Place a finger on the oil index; start
suddenly drop to a trickle. At this point, the flow of working the oil pump handle. When the oil index
fluid should be stopped by unscrewing the liquid starts moving to the rear, commence counting the
releasing and filling tool assembly. It will be noted strokes. Count the strokes until the oil index stops
that the oil index has moved out of sight before all moving, which will be the farthest outward
of the reserve fluid has been released. If the oil position. Multiply the number of strokes required
index has not moved, tap it gently with a small to accomplish this by two and add this number of
piece of wood. strokes to establish full oil reserve in the

recuperator.
(1) Remove the oil filling valve plug. Note. If it takes 25 pump strokes to extend the

fluid index to its farthest point, add 50 more
(2) Install the liquid releasing and filling tube strokes to establish full oil reserve.

assembly, using a tube or pipe to carry fluid
released to an appropriate container. (10) Remove the filling pump adapter and

Note. You can expect approximately 1 pint of install the filling valve plug.
reserve fluid to escape. 5-31. Malfujnctions

(3) When fluid flow becomes a trickle, remove It is essential that personnel know and
the liquid releasing and filling tool assembly. understand the causes of malfunctions in the

recoil mechanism so that they can take the
Note. Oil index 1 should have moved in. appropriate corrective actions. Causes of various
(4) Attach the oil filling plug adapter to the oil malfunctions and the actions prescribed for

hose. correcting the malfunctions are as follows:

Malfunction Cause Corrective action
a. Oil drips from counterrecoil (1) Gland and packing worn (1) Notify support maintenance

rod, recoil rod, or control rod or damaged. unit.
stuffing box in excess of three
drops per 5 minutes. (2) Worn or damaged parts. (2) Notify support maintenance

unit.
b. Fluid leaks from rear of (1) If weapon has been at 00 (1) If leakage at any packing

replenisher. elevation for some time, fluid exceeds three drops per minute,
may drip rapidly (or run in a notify ordnance maintenance per-
stream) from the rear of the sonnel.
replenisher for several seconds
when the howitzer is elevated.
Neither this temporary leakage
nor a drip at any packinig that
does not exceed three drops per
minute are considered serious.

c. Tube returns slowly or (1) Insuffici.'nt reserve oil in (1) Drain and replenish the oil
fails to return to battery. the recuperator cylinder, reserve.

(2) Excess oil in the (2) Drain the recoil oil to the nor-
replenisher. mal level.

(3) Insufficient nitrogen (3) Notify support maintenance
pressure. unit.

d. Tube returns to battery (1) Insufficient recoil oil in (1) Refill the replenisher to the
with too much shock. the replenisher, normal level.

(2) Excess oil reserve in the (2) Drain and replenish the oil
recuperator cylinder. reserve.
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Malfunction Cause Corrective action
e. Tube is slow in returning (1) Dirty or scored bearing (1) Clean and lubricate the bear-

to battery when the oil index surfaces. ing surfaces.
is normal.

(2) Excessive friction from (2) Notify support maintenance
the packing. unit.

(3) Insufficient nitrogen (3) Notify support maintenance
pressure. unit.

f. Uneven or jerky counter- (1) Emulsified oil. (1) Drain and replenish oil
recoil. reserve. If still emulsified, notify

ordnance.
(2) Dirty or scored bearing (2) Clean and lubricate the bear-

surfaces. ing surfaces.
(3) Excessive friction from (3) Notify support maintenance

the packing. unit.
g. Tube recoils more than the (1) Malfunction of the vari- (1) Notify support maintenance

normal allowable distance. able recoil mechanism. unit.
(2) Insufficient oil in the (2) Refill the replenisher to the

replenisher. correct level.
(3) Insufficient nitrogen (3) Notify support maintenance

pressure. unit.

Section V. SIGHTING AND LAYING EQUIPMENT

5-32. Definition of Common Terms f. Indirect fire-Fire from a weapon which is
Common terms pertaining to sighting and laid by sighting on a point other than the target.

laying equipment are defined below. Normally, the target and weapon will not be
intervisible.

a. Fire control instruments-Include both on-g.DrcfieFefomawpnwhhisld
and off-carriage instruments. On-carriage fire by siretifirirerel fom th arwepnwih.sli
control instruments are those which are built in or bysgtndielyothtae.
are placed on the weapon by the guncrew and are h. Cant-The tilting of the trunnions of the
used for laying the weapon in deflection and/or weapon out of the true horizontal plane. Cant
elevation. Such instruments as the panoramic causes the tube to travel out of the true horizontal
telescope, range quadrant, elbow telescope, and plane in traverse and out of the true vertical plane
gunner's quadrant are on-carriage equipment. in elevation. Cant is always present if the
The aiming circle, battery commander's telescope, trunnions of a weapon are not level.
and M2 compass are examples of off-carriage fire i. Boresighting-Boresighting is the process of
control instruments. alining the on-carriage sighting and fire control

b. Trajectory-The curve described by the equipment so that the line of sight of the telescope
center of gravity of a projectile in flight. The is parallel to the axis of the bore of the weapon.
trajectory has two elements, which are controlled This insures accuracy in laying for elevation and

* by sighting and laying equipment-the vertical direction. Boresighting is conducted before firing
angular measurement and the horizontal angular and, when necessary, during lulls in firing.
measurement. 5-33. Panoramic Telescope M1 2A70

c. Reticle-A measuring scale or mark placed in a h aoai eecp 1AQ(i -9
the focus of an optical instrument. Some reticles a h aoai eecp lAQ(i -9
have graduations which allow the operator to is a 4-power, fixed-focus, fire control instrument
make small angular or range measurements while which may be used for either direct or indirect fire.
he is looking through the instrument. It is a modified telescope Ml2A7C. When used in

its most common role, indirect fire, the Ml2A7Q
d. Sighting-The process of directing a line of telescope allows the operator to apply a specified

sight toward an aiming point, change in direction (deflection) to the tube of the
e. Laying-The process of pointing the tube of a weapon by changing the line of sight of the

wepnin a given direction for a given range. telescope the same specified amount and then
weapontraversing back on the fixed aiming point. For
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example, to change the direction of the tube 200 azimuth micrometer scale, is adjustable in relation
mile to the right, the operator refers the line of to a fixed gunner's aid scale graduated on the
sight 200 mile to the left of the fixed aiming point worm throwout lever and is used in the application
and then traverses the tube until the line of sight of of special corrections.
the telescope is back on the aiming point. The tube c. For boresighting with the panoramic
will then be pointed 200 mile right of its original telescope M12A7Q, all indexes, including the left
direction. The panoramic telescope M12A7Q has a idx utb tzr.Ayajsmn omk h
slipping azimuth scale and slipping azimuth idx utb tzr.Ayajsmn omk h
micrometer scale, which allows all weapons of a line of sight parallel to the tube must be made with
battery to have a common deflection, regardless of the tangent screws on the telescope mount (figs
the positions of their fixed aiming points.5-0adfg-3)

b. heelvatonknblocte a te tp f hed. Modification Work Order (MWO)
b. Te eevaionkno, lcatd a th to ofthe 9-1240-236-30/1 applies to all M12A7-eeries of

telescope rotating head, will raise or lower the line panoramic telescopes and allows for the purging of
of sight plus or minus 300 mils when rotated the optical system with nitrogen gas to remove
throughout its limits. A fine elevation index and a mosueadpvntfgigfthlne.
coarse elevation index indicate the level position. motreadpvntfgigfthlns.
The fine index may be adjusted by loosening the 5-34. Telescope Mount M25
three screws on the top of the elevation knob and
then slipping the collar containing the zero index a. Purpose.
into coincidence with the fixed index. The coarse (1) The telescope mount M25 (fig 5-30)
index is adjusted by suppQrt maintenance provides a means of mounting the telescope
personnel only. An open sight, located on the right M12A7Q, which is used in laying for deflection
side of the rotating head, is used for rough and/or measuring elevation.
alinement with an aiming point. The slipping(2Thtescpmonprvdsaensf
azimuth scale, located immediately below the (2)menstn teleo mou t po a mano
rotating head, consists of a ring graduated into 64opnaigfrerosdet at
divisions of100 mileseach and numbered every 200 b. Description and functioning of the
mils from 0 to 3,200 in two consecutive semicircles. components. The major components of the mount
A slipping scale locking screw enables the are the rocker bracket, rocker actuating arm,
operator to secure the slipping azimuth scale to the actuating arm pivot, actuating arm bracket, cross-
rotating head or to release it. When released, the and longitudinal-level bubbles, telescope socket,
slipping azimuth scale may be set at any and tangent screws.
deflection, but, when the scale is locked, its(1Rokrbaet
movement is controlled by the azimuth(1Rokrbaet
micrometer knob. The nonslipping azimuth scale, (a) The rocker bracket secures the sight
located below the slipping azimuth scale, can be mount to the carriage at the trunnions.
moved only by the azimuth micrometer knob and (b) The rocker bracket holds the actuating
the motion of the rotating head. A door covers the arm bracket, which is mounted on ball bearings
nonslipping azimuth scale when it is not in use within the bracket.
and provides an index for the slipping azimuth
scale. The slipping azimuth micrometer scale, (2) Rocker.
located on the left side of the telescope, is (a) The rocker is mounted on the rocker
graduated into 100 divisions of 1 mil each. A bracket on ball bearings.
locking nut located on the end of the azimuth
micrometer knob, enables the operator to release (b) The rocker carries the cross-leveling
the slipping azimuth micrometer scale, set it at a mechanism.
desired deflection reading, and lock the scale in (c) The rocker rotates about the rocker
place. A left index (nonslipping), located on the bracket when the elevation knob is turned.
micrometer end of the azimuth micrometer knob,
turns with the micrometer knob. A right fixed (3) Actuating arm assembly.
index, located on the telescope body, does not (a) The actuating arm assembly is mounted
move. The left index is synchronized with the right to rotate vertically with the tube.
fixed index and the graduations on the (b) The actuating arm bracket is bolted to
(nonslipping) azimuth scale. Whenever the left tecalteeytasitn h oeeto
index is opposite the right fixed index, the azimuth the cradet therebytansamtang tmvmeto
scale index should coincide with a graduation on tetb oteataigambakt
the (nonslipping) azimuth scale. If the three (c) By turning the eccentric pin, the
indexes do not coincide, the instrument should be actuating arm bracket is adjustable in relation to
turned in to the support maintenance unit for the tube so that the actuating arm pivot and
repair. The movable azimuth micrometer index, quadrant mount may be adjusted in a vertical
located immediately to the inside of the slipping direction to make the quadrant mount parallel to a
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Fgure 5-30. Telescope mount M25. Figure 5-31. Tangent adjusting screws in the telescope
socket of the telescope mount.

horizontal plane passing through the tube. match those of the panoramic telescope.
Quadrant seats on the actuating arm bracket are (e) The wing knob holds the panoramic
used in making this adjustment. telescope in the socket.

(d) The actuating arm bracket is located at (6) Tangent screws. The tangent screws (fig
right angles to the axis of the tube and the 5-31) are used to center the panoramic telescope in
actuating arm pivot. The pivot is parallel to the its mount, to eliminate any looseness between the
axis of the tube. Accurate azimuth compensation telescope and the mount, and to adjust the line of
depends on the actuating arm pivot being exactly sight of the vertical reticle of the panoramic
parallel to the tube. telescope.

(4) Cross- and longitudinal-level bubbles. c. Procedure for seating the telescope.
(a) The cross-level bubble is centered by (1) To install the telescope in the telescope

means of the cross-leveling knob. The centering of mount, turn the wing knob on the telescope socket
the cross-level bubble automatically introduces an against its spring pressure and carefully place the
azimuth correction, which compensates for any telescope in the socket, taking care that the
error produced if the tube is elevated when the locating lug on the panoramic telescope enters the
trunnions are not level, slot in the telescope socket. Release the wing knob.

(b) The longitudinal-level bubble is Exert slight downward pressure on the telescope to
centered by turning the elevation knob. The insure that it is properly noted. Next check the
centering of the longitudinal-level bubble places telescope for rotational looseness.
the azimuth scale of the telescope in a true
horizontal plane when the cross-level bubble is (2) If looseness is present, loosen the tangent
centered so that deflection angles can be et lock screws and tighten one of the tangent screws
cnated until the panoramic telescope fits in the socket

(5)rTelesce ssnugly without looseness or binding.
(5) Telescope socket. (3) Make the vertical reticle adjustment and

(a) The telescope socket is held in place by a then retighten the tangent lock screws.
pin through it and the body of the mount. d. Azimuth compensation.

(b) The socket provides for a 450 offset (1) The effect of cant present in the trunnions
(c) The telescope is positioned and is transmitted to the telescope mount. Themount

tightened in the socket by means of the tangent will compensate for up to 178 mils of cant by
screws. leveling the cross-leveling mechanism.

(d) The locating surfaces on the socket (2) Accurate compensation can be obtained
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Figure 5-32. Gunner's quadrant MI.

only when the actuating arm pivot is exactly in which the gunner's quadrant is placed on the
parallel to the tube. quadrant seats. The gunner's quadrant MIAl

differs from the M1 in the following respects: the(3) The process of laying the weapon for MIAI is provided with a micrometer mask todirection and elevation compensates for cant. insure use of the correct scale, it has an indicator

5-35. Gunner's Quadrants M1 and MIA1 on the index arm, and the index mark on the

a. The gunner's quadrant (fig 5-32) is used on micrometer is numbered 10 rather than 0.
the 155-mm howitzer primarily during sight test c. Gunner's quadrant micrometer test.
and adjustments; however, it may be used when d. To test the gunner's quadrant for accuracy,
the sight mount elevation scale is inoperable or to perform the following end-for-end test before
split a mil in elevation in firing a destruction perform the f ig endor- ents
mission. The gunner's quadrant will not measure a performing the sight t and adjustments.
true vertical angle when used on the breech ring of (1) Zero the scales of the gunner's quadrant,
a canted weapon. place the gunner's quadrant on the quadrant seats

on the breech ring with the direction-of-fire arrow
b. The gunner's quadrant consists of a frame pointing toward the muzzle, and level the tube

with a graduated arc, and index arm, a micrometer with the elevating handwheel. Be sure to center the
knob and scale, a level vial, reference surfaces, and bubble accurately.
frame shoes. The arc is graduated in 10-ml(
increments from 0 to 800 mile on one side and from (2) Reverse the quadrant (end-for-end) on the
800 to 1,600 mils on the other side. The teeth on the quadrant seats and check the bubble. If the bubble
arc position the radial arm plunger at these 10-mil recente by itself, then the tube is level, and the
graduations. The index micrometer scale is end-for-end test is complete, and the error in the
graduated on 0.2-mil increments from 0 to 10mils. gunner's quadrant is0. However, if the bubble does
One complete revolution of the index micrometer not recenter by itself, then you must continue there or lowers the arm 10 mile. The index end-for-end test and determine the sign (+ or -)micrometer scale is numbered with black and e and the amount of error in the gunner's quadrant
figures. The black figures are read for measuring as described in paragraphs (3) or (4) below.
an angle from 0 to 800 mils, and the red figures are (3) If the bubble does not recenter itself ((2)
read for measuring an angle from 800 to 1,600 mile. above), turn the micrometer knob and try to center
Two direction-of-fire arrows indicate the position the bubble.
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Gunner's Quadrant Micrometer Test
WARNING: If you have radioactively illuminated lights, be aware of the radiation hazard procedures listed

in the front of this manual.

1. Set index at plus 10. 2. Zero the micrometer. 3. Point quadrant toward muzzle.

4. Depress/elevate tube to center 5. Set index at zero. 6. Set micrometer at 10.
bubble.

7. Point quadrant toward muzzle. 8. Bubble should center.

9. If bubble does not recenter, the
micrometer is in error. The
quadrant should be turned in to
organizational support for
repair.
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(a) If the bubble centers by turning the (4) When the equipment is not in use, keep itin
micrometer knob, read the black figures on the the carrying cases provided.
micrometer scale and divide the reading by 2. Set (5) Send any instrument not functioning
the results on the micrometer scale. properly to the appropriate support maintenance

(b) Place the gunner's quadrant back on the unit for repair.
quadrant seats with the direction-of-fire arrow
pointed toward the muzzle and, using the (6) No painting is permitted.
elevating handwheel level the tube by centering (7) All throwout levers, when used, must be
the bubble. fully depressed.

(c) Reverse the gunner's quadrant
(end-for-end) on the quadrant seats. The bubble (8) Before assembly, remove all dust and grit
should center by itself. The reading on the from the contact surfaces.
gunner's quadrant is the amount of the positive (+)
error in the gunner's quadrant, and the (9) Wipe off all excess lubricant to prevent the
end-for-end test is complete. accumulation of dust and grit.

(4) If the bubble does not center ((3)(a) above), b. Panoramic telescopes and telescopic sights.
move the gunner's quadrant arm down one
graduation (10 mils). (1) Remove dust or grit with a clean

camel's-hair brush or lens tissue paper.(a) Turn the micrometer knob until the
bubble centers. (2) Use oil, lubricating, light, on the sight

(b) Take the reading on the micrometer mount M25; apply oil through the hole on top of the
scale, add 10 to it, and divide the sum by 2. Place housing.
the results on the micrometer scale.

(c) With the arm of the gunner's quadrant o (3) Use oil, lubricating, preservative, special,(c) iththe rm f th guner' qudran onthe felt washers on the range quadrant and
set at minus 10 and the results in (b) above set on te mut ands on expse earng

the micrometer scale, place the gunner's quadrant surace ofthesit and so on t.

back on the quadrants seats, with the surfacesofthesightandsightmount.
direction-of-fire arrow pointed toward the muzzle,
and, using the elevating handwheel, level the tube (4) Remove oil or grease from the rubber
by centering the bubble. eyeshields immediaely.

(d) Reverse the gunner's quadrant c. Telescope mounts and range quadrants.
(end-for-end) on the quadrant seats. The bubble
should center by itself. If the bubble centers, (1) Keep the level vilscovered when they are
subtract the reading on the micrometer scale from not in use.
10 to obtain the error. This is known as the
negative (-) error, and the end-for-end test is (2) Do not attempt to force a mechanism
complete. beyond its stop.

Note. If an error (+ or -) is determined during the (3) Lubrications will be performed by support
end-for-end test of the gunner's quadrant, it will maintenance personnel periodically.
be carried only during sight tests and adjustments
and will not be applied to elevations in fire d. Gunner's quadrant.
missions. However, if the error determined
amounts to more than plus or minus 0.4 mil, the (1) Do not burr, dent, or nick reference
gunner's quadrant must be sent to a support surfaces or the notched portion of the frame.
maintenance unit at the earliest possible date. (2) Clean the arc frequently with a small

5-36. Car and Maintenance of Sighting and brush or with a brush and drycleaning solvent.

Laying Equipment (3) Never leave the gunner's quadrant on the

a. General care. weapon during firing.
(1) Avoid rough handling.

e. Coated optical elements. Coated optics are
(2) Disassemble equipment only to the extent optics coated with a reflection-reducing film of

authorized in the field manual or technical manual magnesium fluoride Rub ated optic, oely to the
pertaining to that particular weapon. extent necessary for cleaning. If such a coating is

(3) Keep equipment dry; never put the partly removed, do not remove the remaining
equipment in carrying cases when it is damp or coating, since any amount of coating will make the
wet. sighte clearer.



Section VI. SIGHT TESTS AND ADJUSTMENTS

5-37. Genral following methods (listed in order of preference):
The accuracy of artillery weapons depends to a (1) Using a leveling plate, place a tested

great extent on the proper adjustment of the , gunner's quadrant, set on zero, (or set with the
sighting and laying equipment and the correction determined from the end-for-end test),
relationship of that equipment to the axis of the on the counterrecoil piston lug on top of the breech,bore of the weapon. Certain tests and adjustments parallel to the trunnions. Raise one trail until the
are performed to insure the proper relationship bubble on the gunner's quadrant is centered.between the sighting and laying equipment and () M th t e wie srbd lns o h
the axis of the bore of the weapon. The tests and (2) Match the white scribed lines on the
adjustments and the procedures foraccomplishing alinement tests) and raise one trail until thethem are described in this section. lnmn et)adras n ri ni h

telescope mount cross-level bubble is centered.

5-38. Leveing the Tnmnions c. The trunnions of the 155-mm towed howitzer
a. To level the trunnions, suspend a plumbline should be as nearly level as possible when

12 inches in front of the muzzle of the tube. Insert a boreighting to insure that the proper relationship
exists between the tube and the panoramic

boregighting disk in the breech end of the tube and telescope mount. Under no circumstances should
affix crosshairs on the muzzle end. Aline the there be more than 20 mile of cant during
vertical hair on the muzzle of the tube and the boresighting. If for some reason the trunnions
plumbline. (The plumbline should be at least 11 cannot be leveled, boresighting can be
feet long.) Elevate and depress the tube, checking accomplished by use of scribe lines (d below)to aee that the vertical hair tracks the plumbline placed on the panoramic telescope mount during athroughout its length. If it does not, raise one of the fire control alinement test with the trunnions level.
trails until the vertical hair on the muzzle does The scribe lines also make it possible to complete
track the plumbline. The trunnions will then be boresighting with the tube out of level. If scribe
level. The raised trail should be blocked to make it lines are used to boresight a weapon, the accuracy
stable. of the scribe lines and the alinement of the

b. If it is not possible to suspend a plumbline of panoramic telescope should be verified at the first
suitable length for leveling the trunnions, they opportunity when both the tube and trunmions can
may be approximately leveled by either of the be leveled.

Fiure 5-33. Scribeina for positioning mont.



d. The scribe lines should be placed on the
weapon after fire control alinement tests have C. The standard angle check is a check only. The
been performed with the tube and the sights in standard angle can be determined only after the
perfect alinement. While the tube is in this weapon has been boresighted by the testing target
alinement for the fire control alinement tests, the method. Once the standard angle is established,
following scribe lines (fig 5-33) should be placed on this method can be used to make a quick check of
the weapon: boresighting in the field. If the standard angle

procedure discloses inaccuracies in the sighting
(1) Straight across the junction of the and fire control equipment, the weapon must be

cross-leveling segment and the cross-leveling accurately boresighted by one of the three methods
worm housing of the panoramic telescope mount. of boresighting.

(2) Straight across the junction of the 5-41. Testing Targt Method of Borsighting
cross-leveling worm knob shaft and the
cross-leveling worm housing. Boresighting by the testing target method is

(3) Straight across the junction of the inner accomplished as follows:
and outer rings of the sight mount. a. Level the trunnions. This may be done by the

plumbline method or the leveling plate method.
e. Fill the scribe lines with white paint and wipe The plumbline method is the preferred method.

off the excess. If conditions prevent boresighting Place the tube in the center of traverse.
with the tube level, longitudinal compensation for
an unlevel tube may be made by matching the b. Perform the end-for-end test as outlined in
scribe lines, paragraph 5-35c.

5-39. Boresighting c. Using the tested gunner's quadrant and
Boresighting is the process of alining the applying any corrections determined from the

on-carriage sighting and fire control equipment end-for-end test, set the tube at zero elevation.
with the axis of the bore of the weapon. The
purpose of boresighting is to properly adjust the d. Place the gunner's quadrant on the seats
sighting and fire control equipment in relation to between the telescope mount and the trunnions. If
the axis of the bore ofthe weapon in orderto obtain the bubble of the gunner's quadrant does not
accurate fire. Vibration, temperature changes, center within mil, loosen two cap screws and
shock, and other factors tend to alter the turn the actuating arm eccentric pin until the
adjustment after if has been made. Therefore, bubble of the quadrant centers; then carefully
boresighting should be performed frequently- retighten the cap screws.
before firing and after each displacement when
firing. e. Center the cross-level bubble with the
5-40. Methods of Boresighting cross-leveling worm knob. Place the gunner's

Two general methods of boresighting are the quadrant on the outer quadrant seats and check
testn tge and distant aiming point methods. the bubble (plus or minus mil in elevation is thetesting target mthod an be eds, allowable error). Ifthe outerquadrant seats are outThe standard angle method can be used in an of alinement more than the allowable error, they

emergency to check boresighting. Regardless of should not be used and the weapon should be
the method used, the tube should be near the center referred to support maintenance personnel.
of its traverse and pointed in the general direction
of the testing target or the aiming point. The f. Recheck the cross-level bubble. Center the
breech and muzzle boresighte must be in their longitudinal-level bubble with the elevation knob.
proper positions. All instruments and mounts Adjust the elevation scale to zero by loosening the
must be positioned securely without free play. screws in the elevation scale and slipping the

a. The testing target method of boresighting wi scale. Adjust the elevation micrometer scale to zero
the most accurate of the three methods. However, by loosening the three screws in the head of the
boresighting by this method requires more time micrometer and slipping the scale. Retighten the
than do the other methods, and it must be screws.
performed in a relatively level area, where the g. Place the breech and muzzle boresights in
trunnions can be leveled. their proper positions. Place the testing target (fig

b. The distant aiming point method of 5-34) at least 50 meters in front of the weapon.
boresighting is the method most often used in the Aine the proper aimin diagram with the line of
field. With this method, the trunnions do not have sight through the tube (move the testng target and
to be accurately leveled, but they must be within 90 not the tube for this operation). If the tUnnions of
mils of level. The distant aiming point method the howitr are slightly canted, the testing target
requires much less time than the testing target must be canted an equal amount in the same
method, but it also yields less accurate results. direction.
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Figure 5-34. Testing target and stand.

h. Place the panoramic telescope in its socket in time the coarse elevation index should read zero.
the mount and set all scales of the telescope and The coarse elevation index cannot be adjusted by
the telescope mount at zero (with the bubbles ofthe the using personnel and must be referred to the
mount still centered). If the vertical reticle line is support maintenance unit if it does not read zero.
not alined with the vertical line of the aiming (3) Tighten the locking screws and verify the
diagram, loosen the tangent locking screws on the line of ight and the matoching of the indexes t
telescope socket and adjust the tangent screws
until the vertical reticle line is properly alined. (4) Remove the panomnic telescope from its
Tighten the locking screws and verify the mount and replace it in the mount to determine if
adjustment. If the horizontal reticle in the there is any looseness in the seating or if the
telescope does not aline with the horizontal line of tangent screws have been adjusted too tightly.
the aiming diagram, the elevation knob on the This operation may reveal that the tangent screws
telescope must be adjusted. Adjust the elevation must bereadjustedtobringthelineofsightonthe
knob as follows: distant aiming point.

(1) Place the horizontal hair (optical center) of Note. The nonslipping azimuth scale must
the reticle on the proper horizontal line of the not be adjusted by the using unit.
testing target by turning the elevation knob of the
telescope. 5-42. Distant Aiming Point Method

(2) If the elevation indexes do not coincide, o
loosen the locking screws and shift the movable Boresighting by the distant aiming point ('
index into coincidence with the fixed index. At this method is acomplished by sighting on a common
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point at a minimum distance of 1,500 meters from (1) Adjust the vertical line of the reticle of the
the weapon. This minimum distance insures that telescope on the distant aiming point by means of
the mechanical w 4 of the tube and the optical the tangent screws.
axis of the telescopew intersect to form an angle not (2) Adjust the horizontal line on the distant
greater than 1

/ mil and are thereby approximately aiming point by means of the elevation knob on
top of the telescope. If the fine indexes do not

a. Place the weapon near its center of traverse coincide, loosen the three screws on top of the
with the tube pointed in the general direction of the elevating knob and slip the scale. Tighten the
distant aiming point. three screws and verify the adjustment.

b. Cross-level the trunnions. Accurate Adjustment of the coarse index by battery
cross-leveling of the trunnions is unnecessary for personnel is not authorized.
boresighting on a distant aiming point; however, (3) Remove the panoramic telescope from its
they should be as level as possible. mount and replace it in the mount to determine if

Note. If the trunnions cannot be leveled within there is any looseness in the seating or if the
90 mile, the cross-level bubbles on the telescope tangent screws have been adjusted too tightly.
mount cannot be used and scribe lines must be This operation may reveal thatthe tangent screws
used as described in paragraph 39c to insure the must be readjusted to bring the line of sight on the
proper relationship between the telescope mount distant aiming point.
and the tube. Ifscribe lines are used, omit steps f, g, 5-43. Standard Angle Method of Boredghting
h, and i below. a. The standard angle should be determined

c. Place the breech and muzzle boresights in and recorded after the weapon has been
their proper positions. boresighted and the fire control alinement tests

d. Insure that all instruments and mounts are have been performed. The procedure for obtaining
positioned securely without free play. the standard angle is as follows:

e. Perform the end-for-end test on the gunner's (1) Check the recoil system with the tube in
quadrant as described in paragraph 5-35c and set battery. Carefully measure the distance from the
the tube at zero elevation, end of the tube to the wiper. Record this distance.

f. Level the telescope mount in both directions (2) Carefully level the trunnions.
by centering the cross- and longitudinal-level
bubbles with the cross-leveling and elevation (3) Turn the cross-level knob and center the
knobs. bubble in the cross-level vial. Turn the elevation

g. Place the gunner's quadrant (adjusted to the knob and center the bubble in the elevation-level
setting determined from the end-for-end test) on
the inner quadrant seats. If the bubble of the (4) Place a common straight pin in the left
gunner's quadrant does not center, loosen the two horizontal muzzle witness mark and secure the pin
capecrews and turn the actuating arm eccentric with adhesive tape. (If a straight pin is not
pin until the bubble of the gunner's quadrant available, a straightened paper clip can be used.)
centers. While tightening the two capscrews, check The pin must project to the left of the muzzle.
to insure that the bubble remains centered. (5) Install a parallax shield over the

k Recheck the cross- and longitudinal-level panoramic telescope eyepiece lens. Check to be
bubbles. If they are not centered, repeat the step sure that the elevation index and micrometer on
described in f above, the telescope are at 0.

i. Adjust the elevation scale to zero by loosening (6) Turn the azimuth micrometer knob and
the two screws in the elevation scale and slipping the elevation knob (on the panoramic telescope
the scale. Retighten the screws and verify the mount) to move the panoramic telescope line of
adjustment. Adjust the elevation micrometer scale sight down and to the right. Carefully turn the
by loosening the three screws in the micrometer knobs until the panoramic telescope reticle is
knob and slipping the scale. Retighten the three alined with the pin where it extends from the
screws and verify the adjustment muzzle.

j. While looking through the breech boresight, (7) On the inside of the panoramic telescope
elevate and traverse the tube until the intersection case, record the azimuth setting to the nearest mil.
of the croselines of the muzzle boresight is alined This is the standard azimuth angle. Also record
on the distant aiming point. the elevation in mile to the nearest legible

k. Place the panoramic telescope in its mount; fractional part. This is the standard elevation
check to insure that the azimuth and micrometer angle.
scales are set at zero. (8) With a sharp-bladed knife, scribe lines on
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the telescope mount just above or below the scribed the telescope.
lines used for boresighting. (See paragraphs 5- (5) Bring the red (or yellow) scribe lines into
38d(I) through (3).) coincidence, refining the setting by turning the

(9) Paint these scribed lines red or yellow or elevation micrometer knob to the standard
any color other than white, which is the color used elevation angle.
for the boresighting scribed lines. (6) Set off the standard azimuth angle on the

b. The standard angle check of boresighting is panoramic telescope.
accomplished as follows: (7) If the vertical line of the reticle is not

(1) Verify that the parts that move in recoil exactly on the junction of the pin and the muzzle,
are in the same position with respect to the adjust the tangent screws until the vertical line of
nonrecoiling parts as they were when the standard the reticle is properly alined. If the horizontal line
angles were determined. If they are not in the same of the reticle is not exactly on the junction of the
position, the amount of recoil oil in the recoil pin and the muzzle, turn the elevating knob of the
mechanism must be modified until the distance panoramic telescope until it is properly alined.
from the end of the tube to the wiper is the same as Adjust the zero of the elevation knob scale so that
the recorded measurement (a(1) above), it is in alinement with the index.

(2) Verify that the trunnions are not canted Note. If an error in boresighting is discovered
more than 90 mils; if convenient, level the by the standard angle check and corrected by
trunnions. using the standard angle data, the weapon should

be boresighted by a more accurate method at the
(3) With tape, fasten a pin in the left first opportunity. All of the methods of

horizontal witness mark so that the pin projects boresighting described in this section are
out to the left of the muzzle. described in detail in chapter 7 of FM 6-81 with

(4) Place the aprallax shield on the eyepiece of appropriate pictures and drawings.

Section VII. SPECIAL SAFETY PROCEDURES (MISFIRE)

5-44. Malfunctions driven into the primer in the normal manner.
Malfunctions in the firing of artillery b, Hangfire. A hangfire is a delay in theammunition are defined and discussed in a functioning of the propelling charge explosive

through c below. Malfunctions are rarely train at the time of firing. The delay is
encountered when authorized and properly unpredictable and may range from a split second
maintamed ammunition is fired from properly to several minutes. Thus, a hangfire cannot be
maintained and operated weapons. In order to distinguished immediately from a misfire (a
avoid injury to personnel and damage to above). The principal danger is in assuming that a
equipment, all personnel concerned must failure of the weapon to fire immediately upon
understand the nature of each malfunction and actuation of the firing mechanism is a misfire
the proper preventive and corrective procedures. when, in fact, it may be a hangfire. It is for this
General procedures for removing chambered reason that the time intervals described in
rounds associated with these malfunctions are paragraphs 5-45 and 5-46 should be observed
described in paragraphs 5-45 and 5-46. before the breech is opened after a failure to fire.

a. Misfire. Amisfireis acomplete failuretofire. CA UTION: During the prescribed time
A misfire may be due to a faulty firing mechanism intervals, the weapon will be kept trained on the
or to a faulty element in the propelling charge target and all personnel will stand clear of the
explosive train. A misfire in itself, is not muzzle and the path of recoil.
dangerous, but since it cannot be immediately c, Cookoff. A cookoff is a functioning of any or
distinguished from a delay in the tunctioning of all of the explosive components of a round
the firing mechanism or from a hangfire (b below), chambered in a very hot weapon and is due to heat
it should be considered as a delayed Aring until from the weapon. The primer and propelling
such possibility has been eliminated. A delay in charge, in that order, are, in general, more likely to
the functioning of the firing mechanism, for cookoff than the projectile or the fuze. If the primer
example, could result from the presence of foreign or propelling charge should cookoff, the projectile
matter (such as grit, sand, frost, or ice) or from the may be propelled (fired) from the weapon with
use of improper or excessive oil or grme. The normal velocity even though no attempt has been
foreign matter might create, initially, a partial made to fire the primer by actuating the firing
mechanical restraint, which, after some mechanism. In such a case, although there may be
undeterminate delay, is overcome by the continued uncertainty as to whether or when the round will
force applied by the spring. The firing pin is then fire, the precautions to be observed are the same as
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those prescribed for a hangfire. However, should additional times in an attempt to fire. If the
the bursting charge explosive train cookoff, injury weapon still fails to fire, wait 2 minutes from the
to personnel and destruction of the weapon may last attempt to fire and then remove and inspect
result. To prevent heating to the point at which a the primer.
cookoff may occur, a round of ammunition that(1Iftepirisntdtd-hfalisn
has been loaded into a very hot weapon should be ( fthe pring meraism ot ai det the futising
fired or removed within the time prescribed in tefn mechanism .relch rep air the firingh

paragaph -45.weapon.
5-45. Hot Tube Loading Precautions (2) If the primer is dented-then the primer is

Certain precautions must be taken when at fault. Replace the primer with another primer
artillery ammunition is being fired from a hot tube; and then fire the piece.
therefore, the officer in charge of firing must

detemin whn te tbe i ho enughforthe(3) If the primer fired-then the fault is with
procdurs an prcautonsto b aplicale. the propelling charge. Wait 10 minutes (8 minutes

Several factors that may cause a hot tube situation ater bremova and isectio the prmropenln hag o
to exist are the ambient temperature, temperature thbrehademvtepoeligcrefr
of the ammunition, rate of fire or number of rounds disposal as defective. Reload the weapon with a
fired within a specific period, and the charge being new propelling charge and primer for firing.
fired. In any event a hot tube situation exists when b. Mis fire procedures for weapons firing
a combination of factors could possibly cause a separate-loading ammunition-hot tube. After a
cookoff or exudation of the high-explosive filler failure to fire on activation of the firing
from a chambered round that cannot be fired mechanism, actuate the firing mechanism two
immediately. The person in charge of firing must additional times in an attempt to fire. If the
determine whether a hot tube situation exists and, weapon still fails to fire, wait 2 minutes from the
if so, observe the following precautions: last attempt to fire, remove and inspect the primer,

a. Do not chamber a round in the tube until and follow one of the two safety procedures below.
immediately prior to firing. (1) If the primer has fired-evacuate all

personnel a safe distance and follow the safety
b. Fire or remove from the weapon within 5 procedures and precautions presented in

minutes a round that has been chambered in a hot paragraphs 5-45c(2) through (4) concerning
tube. loading a round in a hot weapon.

c. If the round in a hot tube cannot be fired or WARNING: Do not open the breechblock to
removed within 5 minutes after being loaded and if remove the propellant until a 2-hour waiting
a misfire is not involved, take the following period has elapsed.

* actions: Note. In a combat emergency if the primer
(1) Remove the primer and propelling 'charge has fired, ins~rt a new primer and attempt to fire

imediately. the weapon. If the weapon still fails to fire, follow
(2) Evacuate all' personnel to a safe distance. the -procedi~res in paragrAphs 5-45c(2) through (4).
(3) Keptewao adon safe data. 1(2) If the primer has not fired-insert a new

Keep he waponlaidprimer or correct the faulty mechanism and
(4) Notify EOD for projectile removal, attempt to fire the weapon. If the weapon cannot

be fired within 3 additional minutes (total of 5
5-46 Misire roceuresminutes from the time the round was chambered in5-46 Misire roceuresthe weapon); remove the propelling charge and

a. Misfire Procedures for weapons firing follow the safety procedures and precautions
separate-loading ammunition-cold tube. After a contained . in paragraphs 5-45c(2) through (4)
failure to fire, actuate the firing mechanism two concerning loading a round in a hot weapon.

Section V11I. SUMMARY

The7 furmar cmoet fte16m characteristics, nomenclature, functioning, and
The ourmajo coponets f th 15-mm maintenance of the major components of the

howitzer, towed, are the carriage, the barrel and weapons. For more detailed information, see TM
breech assemblies, the recoil mechanism, and the 9-1025-200-12, LO 9-1025-200-10, and FM 6-81.
sighting and laying equipment. In order for the 5-8SpcaNoe
weapon to function properly and deliver accurate 54.uelaNoe
fire, each component must be kept in proper The M109 howitzers T, GFT, and GST must

( working condition. The purpose of this handbook be used when computing firing data for the
is to give students a general insight into the M114A2, 156-mm howitzer.
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U. S. ARMY *WCXXWSHB-6
FIELD ARTILLERY SCHOOL Dec 81

Weapons Department
Fort Sill, Oklahoma

CHAPTER 6

155-MM HOWITZER, TOWED, M198

Section I. GENERAL

6-1. References general support field artillery fire in the infantry

TM 9-1025-211-10. and air assault divisions and in corps general
support battalions. This chapter will describe the

6-2. Introduction nomenclature, operation, functioning,

The M198 155-mm towed, howitzer, is a medium maintenance, adjustment, disassembly and
artillery weapon (fig 6-1) designed to provide assembly of the major components of the weapon.

Figure 6-1. Howitzer, medium, towed: 155-mm, M198.

Section II. CARRIAGE M39

6-3. Trails, Trail Lock and Spades carriage; when they are spread, each trail forms a
a. Trails. The trails are tapered, welded 30 ° angle with the center of the carriage. On each

aluminum with box-type girders welded inside to trail are arms with shoulders which contact
provide reinforcement, wedge-shaped stops welded to the top and bottom

of the bottom carriage to control maximum spread.(1) The trails are used to connect the weapon
and the prime mover. When traveling they are (3) The trails are equipped with trail handles
used to stabilize the weapon in the towed position to help lift the weapon.
and to carry the spades, aiming post, rammer staff (4) When the top carriage is properly centered,
sections, sledge hammer, weapon handling bars, plates welded to the top trail hinges contact stops
spade keys, base plate, loading tray and sight box welded to the bottom plate of the top carriage. This
with sights inside, prevents movement of the top carriage during

(2) The trails (fig 6-2) are hinged to the bottom travel.

*Supersedes HB-6 WCXXWS, Dec 80.
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Figure 6-2. Trails.

(5) The rear end of each trail has a smooth during travel, the spades are removed from the
bottom surface with a recess for attaching a trail ends of the trails and placed in the traveling
spade lug. On these end surfaces is a square hole position on the trails. Handles on the spades are
for inserting the spade key which secures the trail used for lifting and carrying the spades from the
spade in position. On each side of the trails are traveling position on the howitzer to the firing
sockets for inserting the spade retainer pin, position at the end of each trail.

b. Trail/loch. The trail lock holds the trails in the (1) In the firing position the trail spades are
closed position for traveling, attached to the underside of the trails by engaging

(1) The trail lock is a toggler-type clamping the spade retainer pins and spade keys in the
mechanism and is operated by the trail lock recesses of the trails.
handle. (2,) During travel the spades are carried in

(2) The trail locking retainer pin is inserted brackets on the outer surface of the trails.
into a hole in the projecting ledge of the left trail as (3) During travel the spade keys are carried in
an additional safety device to prevent the trails the key carrier on the outer surface of the left trail.
from spreading during travel. d. Maintenance.

(3) The trail lock is adjusted by loosening the
trail lock link jamnut and turning the trail lock (1) The trail hinge pin's bushings should be
link 1, turn at a time, either right or left, depending lubricated monthly with GPG.
on the adjustment needed. When the trail lock is (2) The trail lock should be lubricated weekly
properly adjusted, a slight downward pressure with PL-S.
should force the lock handle down and cause theNo.Manencofticmpetadal
trail lock hook to engage with the trail lock link, ote cMponens of th s 166-mphowier nda

c. Spades. The spades, being two of the three described in subsequent paragraphs of this
pointsof suspension, absorb the force of recoil and chapter will include lubrication of the item
transmit the shock of firing to the ground. They concerned. Lubrication of all components will be
limit the amount of displacement of the weapon, performed in accordance with lubrication order on
For greater clearance of the rear of the weapon pages 3-1 through 3-14 of TM 9-1025-211-10.

6-2

"" . . . .. I Ji l I lii .. ... .... . - I" I II - .. .



6-4. Brakes emergency air lines to filter water and dirt from the

a. General. When the howitzer is being towed by air before it enters the relay valve. Drain plugs in
the prime mover, the carriage brakes are activated the bottom of the air cleaners permit the drainage
by compressed air furnished by an air compressor of dirt and water.
on the prime mover and conducted to the relay e. Relay valve. The relay valve (fig 6-3) is
valve by the service and emergency air brake mounted on the trails.
hoses. The brakes can also be controlledindividually by hand levers stowed on the fAir tank. The air tank is mounted on the trail.
cidiaIt stores compressed air for emergency brakecarriageT applications.

b. Prinipal parts. The principa parts of the air g. Power booster. The power booster is
brake system are two air lines (service and composed of an air cylinder and a hydraulic brake
emergency), two air cleaners, an emergency relay cylinder. The air comes from the relay valve into
valve, an air tank, a drain cock, an assembly and a the air cylinder when it controls a float piston
disk brake head assembly (fig 6-3). inside the hydraulic brake cylinder that applies

r. Air lines. The air lines consist of air hoses and pressure on the brake fluid inside the hydraulic
tubes interconnecting the various units of the brake cylinder and causes the brakes to lock the
brake system. The service air line leads from the tires.
prime mover to an air cleaner and the emergency h. Disk brake head assembly. The disk brake
line to another air cleaner. Dummy couplings on head assembly is where the brake fluid is forced to
the outer side of the right trail are to provide a from the power booster and to the head and forces
place to retain the air lines when not attached to the brake pads against the brake disk.
the prime mover, this is to prevent dirt from i. Hand brakes. To apply the hand brakes insert
getting into the brake system, the brake lever into the hand brake socket and pull

d. Air cleaners. The air cleaners are mounted on the socket in a counterclockwise direction. This
the trail and connected in the service and forces the brake pads against the brake disk.

L--- Z %'N[R '-- *j LI ESL6*_ I
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S-5. Care and Maintenance of the 6-6. Wheel. Hubs and Tires
Air Brake System a. Wheels. There are 10 lug nuts holding the

a. Teat emergency brake application. Test the wheel on.
emergency brake application daily by closing the b. Hubs. The wheel, hubs and tires rotate on a
emergency air lines cutout cock on the prime set of bearings.
mover and disconnecting the emergency air
brake-hose coupling from the prime mover if the c. Tires. The M198 tires are interchangeable
tactical situation permits coupling the weapon to with the M40, M61, M54, M(813, M51, M(52, M(62,
the prime mover for this test. If the brakes do not M139, and M(41 trucks; also, the M114A1 howitzer.
apply automatically, notify support maintenance These tires should only be used in emergency
personnel. situations. The appropriate tire pressure is 45

b. Drain water from air cleaner and air tank. pons
Drain water from the air cleaner and tank weekly. d. Care and maintenance.
In cold weather drain these units after 8 hours of(1Chctiepsur.Kptrersue

contnuou trael.uniform (45 pounds) as the tires act as shocks for
c. Clean air cleaners. Clean air cleaners the weapon.

bimonthly by disassembly of the cleaners,
brushing off foreign matter, and washing the air (2) Check tire for cuts and slashes down to the
cleaner strainers and cleaner covers with core.
drycleaning solvent. Allow the parts to air dry. 6-7. Manifold Assembly

d. Test for air leakage. Test the brake system for a. General. This assmbly is located on the right
air leaks by applying soap suds to all the joints and forward section of the bottom carriage assembly
fittings from the air cylinder by where the lines and provides power to raise and lower the wheels
connect to the prime mover. (fig 6-4).

P, A

Figure 6-4. Actuator cylinder assembly.

6-4
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b. Speed shift assembly. This assembly is Notify organizational maintenance to corrct any
mounted inside the bottom carriage assembly at problems.
the on-carriage traverse centerline. It is a
hydraulic ram cylinder that provides rapid 6-8. Bottom Carriage
shifting of the carriage to insure 6,400 mil fire a. Construction. The bottom carriage (fig 6-5)of
coverage, the 155-mm howitzer, towed M198, is constructed

c. Firing baseplate. The firing baseplate is of welded aluminum.
suspended underneath the bottom carriage. The b. Purpose. The bottom carriage-
firing baseplate is a circular aluminum structure (1) Supports the weight of thetopcarriage and
mounted on a ball socket. The firing baseplate is the tipping parts.
designed to absorb the vertical reaction, and the
ball joint compensates for uneven ground (2) Transmits firing stress to the baseplate
contours. The firing baseplate is operated by the and trails.
speed shift lever located to the top left of the wheel (3) Provides a mount for the baseplate, travel
shift lever. lock, and actuator assembly.

d. Functioning. To lower the baseplate to the 6-9. Top Carriage
ground you must make sure the speed shift lever is
in the OFF position and then push down and move a. Definition. The top carriage (fig 6-6) contains
the wheels lever to the DOWN position. Insert the elevating brackets and traversing mechanism
pump handles in hydraulic adapter sockets and and forms the connection with cradle trunnion
pump until the pressure is off wheel lock handles; attachment, the upper end of the equilibrators, and
then move lock handles to UNLOCK position, the bottom carriage.
place wheel lever to UP position, and insert pump b. Construction. The top carriage is constructed
handles into hydraulic adapter sockets. Pump of welded aluminum. It has a circular base.
until wheels are all the way up and turn wheel lock
handles to LOCKED position. Next, place wheel c. Purpose. The top carriage supports the
lever to OFF position. howitzer and recoil mechanism, the elevating and

traversing mechanisms and the sighting
e. Maintenance. Check manifold oil dip stick. equipment. It is supported by and rotates on theInspect for dirty, loose, broken or missing parts. bottom carriage.
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Figure 6-5. Bottom carriage assembly.
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EQUILIBRATOR ADJUSTING
SCREWS

~ELEVATION
SCREWS

TRAVERSE HAND
WHEEL

DIRECT FIRE PLATE ELEVATION HANDWHEEL

ELEVATION CLUTCH RELEASE

Figure 6-6. Top carriage assembly.

d. Functioning. The top carriage is fastened to 6-11. Elevation
the bottom carriage by means of a pintle. The top a. General. The trunnions of the cradle are
carriage rotates when traversing hand wheel is mounted in bearings on the top carriage arms and
turned. form the pivot point about which the cannon

rotates in elevation. The total angle through which
6-10. Tinverse the cannon can be elevated is from -75 to +1275

a. General. The traverse used on the towed mile.
155-mm howitzer M198 is the pintle type. The
weapon traversing limit in the firing position is b. Elevating mechanism. The elevating
400 mils left and 400 mils to the right. A traversing mechanism (fig 6-8) controls the movement of the
ring scale is placed on the lower carriage to weapon in elevation. The type elevating
indicate left and right traverse limits of the mechanism is screw assembly with a clutch
howitzer in the firing position. The traversing ring assembly to provide irreversibility. One turn of the
scale is located just below the breech end of the elevation hand wheel moves the tube up or down
tube. The 400-mil traverses left and right are approximately 10 mils.
limited by the top carriage coming in contact with
the stops bolted on the trails. With the trails closed
approximately 1/10 of the way, the weapon can be
traversed a complete 6,400 mils. (1) Check for ease of operation in elevating

b. Traversing mechanism. The traversing and depressing the tube.

mechanism (fig 6-7) controls the movement of the (2) Check for backlash. Backlash exceeding
weapon in azimuth and is the angular drive type. 1/12 of a turn should be reported to organizational
One turn of the traversing hand wheel moves the maintenance personnel.
tube left or right approximately 10 mis. (3) Check the function of the variable recoil

c. Maintenance. Check for smooth operation, if cam. (The recoil cam rotates the throttling rod in
backlash is greater than 1/12 of a turn, notify the recoil cylinders when the tube is elevated or
organizational maintenance, depressed.)
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6-12. Equililstors d. Adjustment of equilibrators. If the tube isa. Purpose. The equilibrator. (fig 6-9) harder to elevate than it is to depress, youmustuse

compensate for the unbalanced weight of the tube a inch drive socket wrench handle and increase
caused by the rear mounted trunnions and reduces the mechanical advantage by rotating the
the manual effort required to elevate the tube. adjusting bolt in a clockwise manner. If it is harder

to depress than it is to elevate, rotate the adjusting
b. Type and construction. The type used on the bolt counterclockwise. If the equilibrator scale

towed 155-mm howitzer M198 is pneumatic; the pointer points below -1 or above +4, notify
equilibrator have nitrogen gas inside. As the tube organizational maintenance.
is elevated the nitrogen expands. As the tube is
depressed the nitrogen is compressed. One end of e. Maintenance. Check equilibrators for leaks.
the equilibrators is connected to the arms of the top (If it leaks, notify organizational maintenance.)
carriage; the other end is connected to the cradle.

c. Testing for proper adjustment. Elevate or
depress the tube to travel lock elevation; then test
to be sure the tube is as easy to elevate as it is to
depress.

Note. The adjustment of the equilibrators
should be made with the tube in the travel lock
position.

Figure 6-9. Equilibrator assembly-internal components.

Section III. CANNON ASSEMBLY
6-13. Cannon Assm bly away when the tube is bored. This leaves the best

The cannon assembly of the 155-mm howitzer metal of the centrifugal casting as the tube.
M198, towed, consists of the tube, breech thermal
warning device, muzzle brake, and keys (fig 6-10). b. Exterior parts. The exterior of the tube is a

smooth finish bearing surface which slides into
a. Construction. The tube is made of alloy steel the recoil mechanism cradle and cylindrical yolk

and is of monoblock (one piece) construction. It in during recoil. The rear end of the tube is threaded
formed by the centrifugal cast method and is so that the breech ring may be screwed on to the
prestressed by hydraulic pressure. Hot molten tube and locked into place by a key on top of the
metal in poured into a cylindrical mold which is breech ring. The front end of thetube is threaded so
rotated approximately 1,500 revolutions per the muzzle break can be screwed onto it and a key
minute. Heavy impurities of the metal are thrown to hold it in place.
toward the outside portion of the mold and are
later machined away. Light impurities migrate c. Interiorparts. Theinteriorpartsconsistofthe
toward the center of the mold, and they are aso cut following:

6--



(1) Breech recess. Houses the breech block (4) Tube wear life-1,750 EFC (M549A1
when the breech block is in closed position. projectile, M203 charge).

(2) Gas check seat. That part of the rear
section of the bore which is tapered to receive the 6-14. Tube Maintenance
split ring and the gas check pad; thereby, sealing a. General. The two cardinal enemies of a
the breech (performing rearward obturation). cannon are corrosion and erosion. Corrosion or

(3) Swiss groove. The cutaway portion in the rust is mainly caused by the propellant residue
powder chamber where the powder lies prior to (primer salt) deposited in the cannon after fire. The
firing, salts absorb moisture from the atmosphere and the

(4) Powder chamber. Portion of the bore solution thus formed combines chemically with
designated to house the propelling charge. Also, the metal of the barrel to form corrosion. Erosion iswhere the explosion takes place h a wearing away of the metal and is causedprimarily by wear, pressure and abrasion.

(5) Centering slope. The tapered section of the Corrosion can be prevented. Erosion cannot be
bore forward of the powder chamber designed to completely prevented but can be retarded.
cause the projectile to be centered in the bore. b. Corrosion. To prevent corrosion, use the

(6) Forcing cone. The rear portion of the main following cleaning procedures:
bore which is formed by tapering the rear of the (1) Clean the tube the day of firing with water
lands. Its function is to gradually engage the after firing. Push a ball of rags through the tube to
rotating band of the projectile; thereby, sealing the remove the water. For 3 consecutive days clean the
forward end of the powder chamber (performing tube with RBC; on the third day after cleaning
forward obturation). with RBC, dry the tube with rags, put a light coat

(7) Main bore. It is the entire rifled portion of PL in the tube, and install the muzzle plug. On
forward of the centering slope, the next day, inspect the tube to insure that

(8) Counterbore. That portion of the muzzle sweating has stopped.
end of the tube that is rebored for a predetermined (2) If the tube continues to sweat after the
distance so as to increase the tube diameter by fourth cleaning, continue daily cleaning until
removing the lands from that portion of the tube. sweating stops.
The purpose of the counterbore is to relieve stress (3) On nonfiring weapons clean weekly with
when the weapon is fired. RBC; then wipe dry and reoil.

d. Characteristics. The characteristics of the c. Erosion. To retard erosion employ the
tube assembly are as follows: following practices:

(1) Lands and grooves-48. (1) Use the lowest charge and the lowest rate

(2) Travel of projectile-200 inches. of fire commensurate with the mission.

(3) Powder chamber-40 inches. MUZZLE BRAKE

THERMAL WARNING
DEVICE

(b BREECH

Figure 6-10. Cannon, 155-mm, M199.
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(2) Swab the tube with cold water during lulls a. Cold tube. Color is pren-0 to +1700 F
in firing. (-17.920 to +770 C).

(3) Use clean ammunition, b. Warm tube. Color is yeilow-+170 0 to +350 F!
(4) Be sur the proectile is prpel ramd. (0770 to .1770 C).

c. Hot tube. Color i. red-above +3t '0 (1770
6-15. Oneech Ring and 8 C)!blc .

&. The breech ring is threaded internally and Note. If tube is warm, notify the fire direction
screwed onto the and ofthe tube. It inlockedm in enter. if tube is hot, fire only in a combat
position by a key inserted through the upper emergenlcy situation.
forward wall of the breech ring. It supports the 6-17. Cotinsrbelance Assemnblybreech mechanism and forum the housing for the
breechblock. a. Construction. The counterbalance assembly

b. The breechblock is of the interrupted screw (fig 6-12) is a cylinder with closed ends. The
type. It employs the DeBang obturator device for cylinder contains a relatively strong compression
preventing gases from escaping to the rear. The spring and is mounted on the breech ring. The

M35 irig mchansm n aconinuos pll ype spring is compressed between the head of the
13figmechanism i ecbonuuk. l t cylinder and the counterbalance piston. The

mechnismuse wit thebrechblck.counterbalance is connected to the breechblock
carrier hinge pin by means of the counterbalance

6-16. Using Thermal Warning Device piston rod.
The thermal warning device (fig 6-11) shows the b. Purpose. The purpose of the counterbalance istemperature of the cannon tube so that you may to assist in closing the breech. It also holds thetake the priuper action in the event of a misfire or breechblock in the fully open position to facilitate

checkflre. loading the cannon.
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Figure 6-12. Counterbalance assembly.
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6-18. Disassembly end Maintenance of the (8) Remove disk, rear split ring, inner ring,
Breech Mechanism obturator pad and front split ring from obturator

a. Disassembly. spindle assembly.
b. Maintenance. Clean all parts with RBC and(1) Remove M35 firing mechanism. apply light coat of PL-S except the gas check pad.

(2) Rotate breechblock assembly until slot is Clean it with soap and water or wipe clean with
in the horizontal position. clean dry cloth.

(3) Pull out on spring pin and slide firing 6-19. Firing Mechanism M35
mechanism block assembly to the right and a. General. The firing mechanism M35 consists
remove, of the case follower lanyard lever and related

(4) Lift extractor away from obturator spindle parts.
assembly (toward you). b. Functioning. With the primer inserted in the

(5) Open breechblock support firing prime holder (fig 6-13), the firing mechanism is
mechanism housing assembly and depress then pulled to the right into the firing position. A
plunger at the end of the obturator spindle strong, even, smooth pull on the lanyard will cause
assembly. the hammer to strike the firing pin.

(6) Turn obturator spindle assembly c. Disassembly. The eight steps for
clockwise (opposite direction of arrow on obturator disassembling the firing mechanism are shown in
spindle assembly) until firing mechanism housing figure 6-14.
assembly can be removed. d. Servicing, inspection, and reassembly. The

(7) Lift obturator spindle assembly off the steps for servicing, inspecting, and reassembling
breechblock assembly. the firing mechanism are shown in figure 6-15.

Section IV. RECOIL

6-20. Recoil Mechanism nitrogen which is relatively inactive in its free
The recoil mechanism (fig 6- 16) employed on the state and will not react on metal to cause corrosion.

155-mm howitzer towed M198 is of the c. Variable. Length of recoil can be varied
hydropneumatic, variable, dependent type. An mechanically to prevent the breechblock from
explanation of the nomenclature follows: striking the top carriage when firing at a high

angle. Under normal operating conditions, the
a. Hydro. The mechanism employs a liquid, length of recoil can vary from 50 inches to 701/2

OHT is the preferred oil since it contains certain inches when firing charge 8 (M203).
additives designed to reduce galvanic corrosion., 1T1 has a temperature range of-65° F to +1500 F. d. Dependent. The recoil cylinders and the

recuperator cylinder have an oil passage to
b. Pneumatic. A gas is used. The gas used is connect the two.

Disassembly

8

1. Place firing mechanism Q-on solid surface. Place
MI8 fuzesetter wrench -)over the case )end
follower(and depress until pine7)can be
removed from lanyard lever ®and yoke®.
Release spring tension slowly. Lift off lanyard
lever.
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2. Remove and separate case® and follower®.g 3. Remove cup spring 63and yoke spring .

4. Remove sear pin @.

Figure 6-14. Firing mechanism maintenance.

13 14 14

o 13

5. Remove sear with firing hammer spring 6. Separate sear 13 and firing hammer sping ~
from yoke.

6-13
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15

7. Remove yoke Ofrom firing hammer @3 8. Remove firing hammer @3 from cup6.

Figure 6-14. Firing mechanism maintenance-
Continued

Servicing and inspection SEAR
IPIN

YOKE YOKE SPRING

tipI CASE

cu t FIRING PiN

SPRING

SEAR

CUP
SPRING

LANYARD
FOLLOWER LEVER

*1. Clean all parts with ROC (item 4, app D), wipe dry. 2. Inspect for damaged or worn parts. If any defective
and lubricate with Pt-S (Item 11, app 0). parts are found, notify organizational mainte-

nance.

1. Put firing hammer spring 03 on sear 4)2. Place cup 63 on firing hammer6.
Figure 6-15. Servicing, npection, and reassemblinag.



3. Place yoke ®on firing hammer @~ 4. Place sear with firing hammer spring into
yoke®!.

5. Secure sear @3 with sear pin 6.6. Place yoje spring 03 on yoke® and place cup
spring Q9over yoke spring.

Figure 6-15. Servicing, inspection, and reassembling-Continued.
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7. Slide follower Qover case~ff, and place over 8. With assembled parts on solid surface, put M18
assembled yoke@ f fuze-setter wrench @over caseD, depress, and

hold down. Place lanyard lever (§) in yoke ()

18

9. Secure lanyard lever~with pinc7).

Figure 6-15. Servicing, inspection, and reassembling-Continued.
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REPLENISHER INDICATOR -
(Oil Reserves) - OIL FILLING"

" PLUG

NITROGEN FILLING FUet'okPS*

COUNTER WEIGHT

RECOIL CYLINDERS

Figure 6-16. Recoil mechanism, M45.

6-21. Purpose of the Recoil Mechanism charged with 600 PSI dry nitrogen gas to hold the
tube in-battery at all angles of elevation. When the

The purposes of the recoil mechanism are: howitzer is fired, the piston is drawn rearward

a. To stop the recoiling parts. The recoil through the cylinder, further compressing thegas.
mechanism must absorb and control the rearward When the force of recoil is overcome, the gas
thrust of the weapon without displacement of the expands forcing the piston forward and the piston
carriage or excessive shock. This action is forces the hydraulic fluid back into the recoil
accomplished by the throttling of the oil cylinder causing the tube to return to the
throughout the orifices, the compression of the in-battery position.
nitrogen gas, and the friction of the moving p , b. Replenisher. The purpose of the replenisher is

b. To return the recoiling parts. The recoil to allow for change in quantity of oil required by
mechanism must cause the recoiling parts to the recoil cylinder as the weapon cycles in recoil
return to the in-battery position. This is and counterrecoil and to allow for the expansion
accomplished by the expansion of the nitrogen gas and contraction of the hydraulic fluid due to
inside the recuperator cyiinder which was temperature changes. The replenisher cylinder
compressed during the recoiling phase. indicator should be between 2 to 10 oil reserve. The

c. To prevent shock. The recoiling parts must be most preferred hydraulic fluid is OHT.
stopped in recoil without shock and returned to the c. Variable recoil system. The variable recoil
in-battery position without shock. During recoil system (fig 6-17) is composed of two recoil systems
this action is accomplished by the increased and associated mechanical controls. Each
throttling of the oil flow due to the gradual cylinder contains a piston assembly, an inner
tapering of the slots and grooves; during orifice and an outer orifice. Each piston assembly
counterrecoil it is accomplished by the consists of a piston, P piston tube, and a piston
displacement and restriction of the oil flow in the plug.
counterrecoil buffer. 6-23. Maintenance of Recoil System
6-22. Major Components and Functioning of the a. Checking the replenisher The replenisher

Recoil Mechanism should be checked daily before firing and
The recoil mechanism is located in and is part of periodically during firing. The replenisher

the howitzer mount. It in composed essentially of cylinder indicator should be between 2 to 10 oil
two recoil cylinders, a recuperator cylinder, an air reserves. If the reading is incorrect, notify the
cylinder assembly, and a replenisher cylinder artillery mechanic.
assembly. b. Lubricating the recoil system. Lubricate by

a. Recuperator cylinder. The recuperator is the most current LO.
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Figure 6-17. Variable recoil mechanism interface of internal components.

Table 6-1. Controls and indicators-M137 panoramic telescope.

Control or Indicator Function

1. Elevation krob Elevates the head prism to move field of viewthrough a vertical angle.

2. Aimuth knob Rotates the panoramic telescope head to the desired azimuth.

3. Click lead detent knob Engage a detent to indicate 5-mil lead steps for direct fire.

4. Gunner's aid knob Places relatively constant azimuth correction onto the bearing
azimuth counter after initial alignment on aiming posts.

5. Elbow release pin Holds the panoramic elbow to suit the convenience of the individual
operator and stowing in the carrying case.

6. Azimuth counter door Covers the azimuth reference counter.

7. Azimuth counter Provides a numerical display that indicates the azimuth angle of
(upper 6400 mill where the panoramic telescope head is with respect to the weapon

bore.

8. Boresight clutch release shaft Disengages azimuth counter from panoramic telescope head move-
ment allowing azimuth counter to be held at 4800 and the telescope
head boresighted.

9. Deflection counter Provides a numerical display that indicates the azimuth angle in units
(lower 6400 mil) enabling an operator to quickly lay the weapon on a desired

deflection setting with respect to the aiming posts.

10. Gunner's aid Indicates relatively constant deflection correction.

11. Clutch release (ever for deflection Disengages deflection counter from panoramic telescope head move-
ment enabling an operator to set any deflection reference given
when aligned with the collimator or aiming posts.

12. Open sight Provides a simple means of pointing the panoramic head in a desired
direction.
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Section V. FIRE CONTROL EQUIPMENT weapon. The mechanism also contains a pivot
(gun bar) which is maintained parallel to the

6-24. Panoramic Telescope M137 weapon tube since it is mounted directly on theweapon trunnion. (See fig 6-19 and table 6-2 for
The panoramic telescope M137 (fig 6-18) is the controls and indicators.)

basic instrument used in laying the weapon in
azimuth. It is a 4-power, fixed-focus telescope with
a 10-degree field of view. Sealed sources
containing radioactive tritium illuminate the A -

reticle and counter dials. The azimuth counter is
set on 4800 of its 6400 mils when the
telescope/boresight is checked using the
alignment device M139. The gunner's aid counter
mechanism permits azimuth corrections for
factors peculiar to the individual weapon and its
emplacement. Five-mil click lead settings have
been provided for direct fire. (See table 6-1 and fig
6-18 for controls and indicators.)
6-25. Telescope and Quadrant Mount M171

The telescope and quadrant mount M171 (fig
6-19) provides an adjustable base of leveling the
panoramic telescope. Sealed sources containing
radioactive tritium gas are employed to illuminate
the level vials. The mechanism of this mount
permits adjustment of the vertical axis of the 4
panoramic telescope to plumb regardless of the
pitch or cant (within the range +10 degrees) of the

Figure 6-19. Telescope and quadrant mount Ml71.

6-26. Fire Control Quadrant M17
The fire control quadrant M17 (fig 6-19) is used

for adjustment of the weapon in elevation when
one man is laying the weapon. Sealed sources
containing radioactive tritium are used to

3 illuminate the counter dials and level vial. A
correction counter is built in to permit quick,
accurate insertion of elevation correction factors
peculiar to the individual weapon and its
emplacement. The mount provides the cross and

2 pitch leveling motion for the quadrant. This
establishes the vertical plane to obtain "true"

8 measurements of weapon elevation. This
quadrant has only an elevation level vial; the cross

S11 level vial is part of the M171 mount.
.4 6-27. Telescope and Quadrant Mount M172

The telescope and quadrant mount M172 (fig10 6-20) provides an adjustable base for leveling the
fire control quadrant M18 and elbow telescope
M138. A mechanism is provided to clamp and
boresight the elbow telescope in elevation and

__5 azimuth. Quadrant seats are also provided on the
instrument to allow use of a gunner's quadrant
when fine elevation settings are required. (See

Figure 6-18. Panoramic telescope M137. table 6-3 and fig 6-20 for controls and indicators.)
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Table 6-2. Controls and indicators for MI 71 telescope and quadrant mount

Control or Indicator Function

1. Cross level knob Positions the mount to correct for weapon cant.
2. Cross level vial Provides accurate horizontal reference for azimuth correction and

measurements.
3. Pitch level knob Positions the mount to correct for weapon pitch.
4. Pitch level vial Provides accurate horizontal reference for azimuth corrections and

measurements.
5. Wing screws Secures panoramic telescope XM1 37 to telescope and quadrant

mount XM171.

3 4

Figure 6-20. Telescope and quadrant mount M172.

Table 6-3. Controls and indicators for telescope and quadrant mount M1 72

Control or Indicator Function

1. Croa level knob Positions the mount to correct for weapon cant.
2. Elevation boresight Rotates on eccentrically mounted pin that mounts the elbow tele-

scope.
3. Azimuth boresight Opposing screws that jack the telescope mount in an azimuth plane

after mounting screws are loosened.
4. Gunner's quadrant pads Provides an adjustable reference surface to check fire control equip-

ment or measure fire elevation settings by use of a gunner's
quadrant.

5. Elevation correction counter Registers elevation corrections in mils.
6. Elevation counter Register cannon elevation in mils.
7. Elevation control knob Changes the readings in the elevation counter.
8. Elevation correction knob Changes the readings in the elevation correction counter.

9. Longitudinal levelinguial Level position. The tube will be at the same elevation as the elevation
counter reading.

620



6-28. Fire Control Quadrant MIS 6-29. Elbow Telescope M 138
The fire control quadrant M18 (fig 6-20) is used The elbow telescope M138 (fig 6-21) is the basic

for adjustment of weapon in elevation when two instrument for laying the weapon in elevation for
men are laying the weapon. Sealed sources direct fire. This telescope is mounted and
containing radioactive tritium are used to boresighted in a mechanism integral with the
illuminate the counter dials and level vials. This upper part of the telescope and quadrant mount
instrument is equipped with a mechanical mil M172. This instrument is basically similar in

couner or levaionreaing. A unnr'said function to other direct fire telescopes now in use
counter is built into permit quick, accurate except a reticle presentation of a movable range
insertion of elevation correction factors peculiar to marker that can be set to super elevation. This
the individual weapon and its emplacement. Fire model has a mil-scale reticle. Sealed sources
control quadrant M18 must be used with and containing radioactive tritium are used to
attached to telescope and quadrant mount M172. illuminate the reticle.

I.. Figure 6-21. Elbow telescope M138.

Table 6-4. Controls and indicators-elbow telescope M138

Control or Indicator Function
1.- Range marker knob Slides a reference line up or down on the reticle enabling the oper-

ator to use a central laying technique.
2. Diopter adjustment scale Adjust the eyepiece focus to suit the eye of the individual operator.
3. Latch Locks the telescope to the eccentrically mounted pin in the mount.

Section VI. SUMMARY

6-30. Review deliver accurate fire, each component must be kept
The purpose of this chapter was to describe the in proper working condition, For more detailed

nomenclature, operation, functioning, equipment information, see TM 9-1025-211-10.
* maintenance, adjustment, disassembly and For proper lubrication procedures and lubricants,

assembly of the major components of the weapon. always refer to pages 3-1 through 3-14 of the
In order for the weapon to function properly and operators manual (TM 9-1025-211-10).
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U. S. ARMY *WCXJWS
HB-7FIELD ARTILLERY SCHOOJ. D 81

Weapons Department
Fort Sill, Oklahoma

CHAPTER 7

155-MM HOWITZER M1 09A1/M109A2/M109A3, SELF-PROPELLED

Section I. GENERAL

7-1. References b. The M109A1 is equipped with the longer

FM 6-88, TM 9-2350-217-10N, TM 9-2350- M185 cannon and achieves a range of 18,100
303-10N, and TM 9-2350-217-20. meters. The 155-mm projectile weighs 95 pounds.

The maximum rate of fire is 4 rounds per minute
7-2. Introduction for the first 3 minutes; the sustained rate of fire, I

a. The 155-mm M109A1/A2/A3, an armored round per minute. Sustained rate of fire for
self-propelled medium howitzer, is a highly mobile M109A1/A2/A3 for charge 8 is 1 round per minute
combat support weapon. It is air transportable in for the first 60 minutes, then 1 round every 3
phase III of airborne operations and has an minutes.
amphibious capability when equipped with a
flotation kit. It has a cruising range of 220 miles at
speeds up to 35 miles per hour. Combat loaded, the c. The weapon is equipped with a 24-volt
M109A1 weighs 53,940 pounds. The M109A2 has a electrical system with four 12-volt batteries
number of product improvements applied to an connected in series-parallel. A hydraulic system
off-the-assembly line M109A1. The M109A3 has provides power for traversing and elevating the
the same product improvements as the M109A2, cannon, for ramming the projectile, and the
except that the improvements have been applied to equilibrator system. Two recoil spades, located on
an M109A1 which has been in the field and used the rear of the vehicle (one behind each track), are
for quite some time. A discussion of these product provided to improve the stability of the cannon in
improvements in the back of this book. the firing position.

Section II. BARREL AND BREECH MECHANISM

7-3. Exterior Components seats in the keyway in the tube. The key prevents

a. Muzzle brake. the muzzle brake from rotating on the tube.

(1) The muzzle brake assembly consists of a (2) The purpose of the muzzle brake is to
muzzle brake, a key, a thrust collar, collar dent absorb part of the force ofrecoil (approximately 45
ball, spring, and two allen-head screws. The percent). The muzzle brake should be removed and
muzzle brake (fig 7-2) is a double-baffle cylinder, cleaned monthly or after 300 rounds have been
internally threaded at the rear section to screw fired, whichever occurs first To remove and
over the muzzle of the tube. The front section replace the muzzle brake, follow the instructions
extends forward from the muzzle face. Two given in figure 7-2 and 7-3 or in TM
alternate keyways are provided in the threaded 9-2350-217-10N (paragraphs 3-42 and 3-43). Five
section to accommodate the key. A tapped hole crewmen are required to remove the muzzle brake
near each of the keyways receives the screw that because of its weight (350 pounds). It should be
secures the lock to the muzzle brake. The key is a cleaned with RBC (rifle bore cleaner) and CR
rectangular block with a cylindrical stud (corrosion remover) and checked for cracks I inch
projecting upward from the center of the top long or lunger, which would render the weapon
surface of the key. The rectangular portion of the unsafe to fire. It should then be lubricated
key fits in the keyway in the muzzle brake and according to the lubrication order and reinstalled.

*Supersedes HB-7 WCXXWS, Dec 80.
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Figure 7-1. 155-mm, self-propelled howitzer, MIO9AI/A2/A3.

b. Chamber evacuator. The evacuator for the purpose is to prevent the tube from rotating in the
M109A1/A2/A3 (fig 7-2) is a welded steel chamber cradle cam during recoil and counterrecoil.
equipped with 10 ball bearings and valve ring. The
evacuator is mounted on the tube by means of one (1) Components and function. The torque key
ball bearing spring and two allen-head screws. assembly is made up of the torque key, cap screws,
The unit serves to evacuate toxic gases from the washers, and safety wire. The torque key rides in a
tube and breech area by means of a metered keyway machined into the top portion of the
discharge to relieve pressure built up within the cannon tube during recoil, thereby preventing the
evacuator chamber when the howitzer is fired. The tube from rotating or canting.
chamber evacuator valves should be removed and (2) Maintenance. Remove the torque key after
cleaned daily after firing (fig 7-2). If the weapon firing the initial 1,500 rounds. Measure the key
has not been fired, the valves should be cleaned along the wearing surface. If the reading is 31/32
once a month. The chamber evacuator should be inch or less, replace the key. If the reading is 31/32
removed and cleaned monthly or after 300 rounds inch or greater, lubricate, reinstall, and schedule
have been fired, whichever occurs first. Care reinspection on the next quarterly service. Use
should be taken that the ball bearings are not lost grease, general purpose (GGP), on the key and
during servicing. A portion of the gas pressure is exposed keyway. At the same time, perform cradle
trapped in the chamber evacuator during firing. cam adjustment.
This is accomplished by the free flow of pressure e. Exterior components.
through the 10 ball bearings. When theforcein the
chamber is equal to or greater than the pressure in (1) Commander's cupola and machineguw,
the tube of the M 109A1 /A2/A3 has three metering mount. The commander's cupola and machinegun
orificei to aid in the evacuations of gases from the mount is the chief of section station during travel.
tube. The machingun mount has a .50 caliber

c. Gun travel lock. The gun travel lock (figs 7-3 machinegun that may be traversed 6400 mils.
and 7-4) supports the overhanging weight of the (2) Gunner's escape hatch. The gunner's
tube and relieves stress on the elevating and escape hatch allows the gunner an additional
traversing mechanisms. It is adjustable to insure means of exiting the vehicle in an emergency
proper locking of the tube during travel, situation.

d. Torque key The torque key is constructed (3) Ballis 'ic telescope cover (lift and lock). iUft
primarily of brass stock with a wear surface. Its and lock is the command given by the gunner to
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WARNING : Muzzle brake weighs ,
approximately 350 lb. Avoid injury
to personnel.

WARNING Nevr rellt. valv
blswith standard ball bearings.

KEE THRUST COLLAR CUATOR

MUZZLE BRAKE

Note: Eyeball muzzle broke; if there is a one
inch long crack, it is unservicoble.

METERING ORIFICES (THREE) VALVE SEATS

EVACUATOR

~VALVE
. BALLS (TEN)

VALVE RING

1. Depress thrust collar detent with screwdriver and screw collar rearward
enough to uncover key.

2. Remove key from brake and tube.
3. Unscrew muzzle brake until threads in muzzle brake just clear threads on

cannon tube. Attach a sling and hoist to muzzle brake and remove brake from
tube.

4. Screw thrust collar forward and remove.
5. Unlock one evacuator detent, depress other detent; unscrew evacuator and

slide forward.
6. Slide valve ring forward and catch valve balls.

Note. Ten valve seats and three metering orifices may be cleaned (10 9-
2350-217-12) with muzzle brake still in position.
7. Reverse procedure to install.

Figure 7-2. Removing/inatailing M1O9A1/A2/A3 muzzle brake and evacuator.

-I

the driver to lift and lock the ballistic cover on the (5) Section equipment brackets. Section
M109AI only. The ballistic telescope cover equipment brackets are located on the top of the
protects the panoramic telescope from overhead cab for storage of section equipment.
fire when the telescope is mounted. (6) Slave receptacle. A slave reeptacle is

(4) M42 offset periscope. The M42 offset located on the rear wall of the battery
periscopeisusedinconjunctionwiththedirectfire compartment and also on the side wall of the
telescope to engage targets in the direct fire mode driver's compartment.
by allowing the direct fire telescope to sight around

( the chamber evacuator and double baffel muzzle (7) Recoil spades. Two recoil apades are
brake. located on the rear of the vehicle.

7-3
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use with the gunner's quadrant and embedded
corrections are also located on the breech ring.

b. Breechblock assembly. The breechblock
passembly is a circular piece of steel that provides a

means of opening and closing the breech of the
cannon. It is threaded externally with four
threaded segments designed to engage the
threaded segments of the breech ring body. A hole
is bored through the center of the block for
mounting it on the breechblock and obturator
group to the breechblock carrier. A triangular
camway is machined into the rear surface of the
breechblock to control the movement of the firing
mechanism block and the ejection of the primer. A
projection on the rear surface is machined to form

Figure 7-3. MIO9A1/A2/A3 gun travel lock. an arc gear segment, which engages the rack gear
of the breechblock carrier group. The arc gear on

7-4. Barrel and Breech-Howitter Breech the breechblock and the rack on the carri-r group
Mechanism Assemly control rotation of the breechblock.

The breech mechanism is of the semiautomatic, c. Obturator group. The obturator group (fig
interrupted-screw type designed for separate- 7-5) provides the means of obtaining a gastight
loading ammunition. Initial opening of the breech seal at the rear of the powder chamber (rearward
mechanism is accomplished manually through obturation). It includes the spindle, two split rings,
the use of the breech operating handle. Opening of a gas-check pad, an inner ring, and a disk
the breech mechanism during counterrecoil is (sometimes called a thrust washer). These parts
accomplished automatically by the breech are alined and held on the front face of the

operating cam. When the rear end of the operating breechblock by the spindle. When the breech is

cam is manually raised, the breech mechanism is closed, the split rings and gas-check pad press

released and is automatically closed by the energy against the gas-check seat of the cannon tube,
of the torsion assembly, the obturator group, the thereby providing rearward obturation. When the
operating crank assembly, the carrier, and the cannon is fired, the gas pressure acts upon the
M35 firing mechanism. For a detailed description mushroom head of the obturator spindle, forcing
of the howitzer breech mechanism assembly, refer the spindle to the rear. The rearward movement of
to TM 9-2350-217-ION for M109AI and TM the spindle compresses the split rings and the
9-2350-303-ION for M109A2/A3. gas-check pad between the rear face of the

mushroom head of the spindle and the disk at the
a. Breech ring assembly. The breech ring front face of the breechblock. Compression of the

assembly consists of a band, a body, a bracket, a pad and the split rings causes them to expand
key, quadrant seats, a shelf, catches, a cam, and radially, thereby tightening the seal as gas
associated hardware. pressure builds up in the tube. As a result, the seal

(1) Band. The band, a flat threaded ring, becomes tighter until the projectile leaves the
screws onto the breech ring body. Three holes in cannon and the pressure is released.
the band permit attachment of the piston tubes of d. Carrier. The carrier (fig 7-4) is the hinge that
the recoil cylinders and the piston rod of the supports the breechblock assembly and maintains
recuperator. A keyway is machined adjacent to the proper alinement of the breechblock with the
center hole for installing a key, which locks the breech recess. It also serves as a housing for the
band, howitzer tube, and breech ring body breechblock gear and rack. The rack springs,
together. which supply the energy to rotate the breechblock

(2) Body. The breech ring body is cylindrical, to the unlocked and locked positions, are contained
with integral brackets located on the right side for in the carrier. These springs are held in position by
supporting the breechblock carrier assembly. The the stop plate and the carrier rack plate.
forward end of the body is externally threaded to e. Operating crank assembly/cradle cam
receive the band. The forward body forms the assembly. The operatiftg crank assembly (fig 74)
breech recess, which is internally threaded. The is a large hollow pin that serves as a hinge pin for
threads are machined segments of the mounting the breechblock carrier on the breech
breechblock. The interrupted-screw arrangement ring body. The lower end ofthe crank is squared for
Permits opening, closing, and locking the breech mounting the breechblock gear. The upper nd has
by rotating the breechblock only 'A turn a tringular-shaped projection on which the two
(approximately). The life of the breech ring is the breech operating cam rollers are mounted. The
original tube plus 2. Embedded leveling plates for breechblock closing spring assembly is mounted
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mounted rammer.

Figure 7-4. 155-mm howitzer cannon M185 breech mechanism-exploded view.

in the hollow center of the crank. As the weapon mechanism, which is actuated by a lanyard. The
* moves forward in counterrecoil, the cam rollers of firing block into which it fits has three positions:

the operatir ( crank ride in the camways of the firing, prime, and disassembly.
breech operating cam, causing the breechblock to
first rotate to the unlocked positior and then swing
and be locked in the open position automatically. 7-5. Functioning of Breech Mechanism
Raising the rear end of the breech mechanism When the weapon is fired, the recoiling parts
operating cam releases the operating crank; the move rearward during the recoil cycle. It is during
closing spring assembly causes the breechblock to the counterrecoil cycle (recoiling parts are goin
automatically close and lock. The breechblock back to the in-battery position) that the
must be opened initially with the breech operating semiautomatic breechblock functions. As the
handle, which is mounted on the operating crank recoiling parts move back to the in-battery
near the upper end of the crank. position, the primary roler on the opratinaerank

f. Cam damper. The cam damper maintains assembly engages with the S-shaped camway on
tension on the cradle arm. the cradle cam. As the primary roller paus alng

this camway, the breechblock is rotated
g. Closing spring. The closing spring is made up approximately 1/6 turn countrclockwis to the

of 52 individual leaf springs which are responsible unlocked position. At this time the scondary
for the closing of the breechblock. roller engages the C-shaped carway an the cradle

h. Firing mechanism. The firing mechanism ram; as it passee along the camway, it pulb the
M35 (fig 7-4) is a continuous-pull, percussion-type breechblock open.
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7-6. Maintenance of Tube and Breech of castile or GI soap dissolved in a gallon of water
may be used for cleaning the tube. Hot water is

a. Barrel maintenance, preferable because it will dissolve the soap more
(1) Cleaning. The tube should be cleaned at readily. The soap and water solution should be

the conclusion of the day's firing and 3 consecutive used while the tube is still hot so that the solution
days after, making a total of at least four will wash the primer salts from the pores of the
cleanings. If the weapon is not to be fired within 24 metal. After each cleaning with soap and water,
hours after the fourth cleaning, it should be wiped the tube must be rinsed, dried, inspected, and
dry, inspected, and lubricated with oil, lubricating, lubricated.
preservative, special. If the tube continues to sweat (2) Lubricants. Oil, lubricating, preservative
after the fourth cleaning, cleaning should be special, is used on all bearing surfaces.
continued until the sweating stops. When the
weapon is not being fired, the tube should be b. Breech maintenance. The breech mechanism
cleaned weekly and then wiped dry, inspected, and is subject to contamination from powder residue
reoiled. which works its way into and through the

obturating parts. For this reason, the obturating
(a) Rifle bore cleaner. The preferred solution parts are disassembled and cleaned in the same

for cleaning the tube is rifle bore cleaner. Rifle bore manner as that prescribed for the barrel--on the
cleaner evaporates at 1500 F. (If you can place your day of firing and for 3 consecutive days thereafter.
hand on the tube without being burned, the tube is All components of the breech mechanism, except
cool enough to be cleaned.) Rifle bore cleaner is not the gas-check pad, are cleaned with rifle bore
a lubricant, but it is a rust inhibitor, effective for 24 cleaner. All powder stains, rust, and burrs are
to 48 hours. After each daily cleaning, a coating of removed with crocus cloth if necessary. The
rifle bore cleaner should be left in the tube gas-check pad is cleaned with hot soapy water and
overnight. Rifle bore cleaner should never be wiped dry with a clean dry cloth. After the breech
diluted. mechanism has been cleaned and dried, and before

it is reassembled, it should be lubricated with the
(b) Soap and water. When rifle bore cleaner proper lubricants, as prescribed by LOis not available, an alternate solution of 1/4 pound 9-23&0-217-12.
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c. Effective full charge rounds. Effective full 7-9. Assembly of Breech Mechanism
charge (EFC) rounds are computed as follows: For assembly of the breech mechanism, follow

(1) M109A1-A round fired at charge 1-6 is the steps indicated in figure 7-7.
equal to 0.25 EFC round; charge 7, 0.75 EFC round; 7-10. Cradle Cam AdjustmentS charge 8, 1 EFC round.

a. Function of the cradle cam. The breech
(2) EFC rounds are recorded on DA Form mechanism operating cam opens the breech in

2408-4 in the weapon logbook. A sample of a counterrecoil and holds it open for the next
completed DA Form 2408-4 is given in figure 7-5. swabbing and loading operation through a series

of camways on the operating cam and rollers on
the operating crank. Therefore, the operational

7-7. Rates of Fire adjustments are critical and must be performed
The maximum rate of fire is 4 rounds per minute quarterly or whenever the torque key is removed.

for the first 3 minutes. The sustained rate of fire is 1 b. Adjustment.
round per minute after the first 3 minutes. (1) Have the breechblock closed and the tube

at 0 mils.
7-8. Disassembly of Breech Mechanism (2) Remove the cotter key and castle head nut

For disassembly of the breech mechanism, from the recuperator piston rod; hold the piston rod
follow the steps indicated in figure 7-6. with a pipe wrench to keep it from turning.

Table 7-1. Misfire procedures for the MIO9AZ/A2/A3

COLD TUSE

LEGEND FAILURE TO FIRE

W-1 HANGFIRE POSSIBLEMI

W-2 STAND CLEAR OF RECOILING MWI 2)
PARTS.

W-3 EVACUArE UNNECESSARY
PERSONNEL J

ATTEMPT TO FIRE TWO
W4 DISPOSE OF PROJECTILES AND ADDITIONAL TIMES

REMOVE FUZES.

W-5 6-MINUTE LIMIT ON HOT TUBE £

.OPNFIGLC

7. 7ARE I JI l
THEN REMOVE PRIMER 1. WAIT 2 MINUTES.FROM LAST

(W3) ATTEMPT TO FIRE.
2. OPEN REAR OF CAB.
3. POSITION TUBE SO PRIMER 1

CAN BE EXPELLED IF STICKER.
4. OPEN FIRING LOCK.

No N.,o.. 0

LAST ATTEMPT TO FIR E. REFIRE AT CHARGT|PRIMER OR FIRING F2. REMOVE CHARGE. OR ABOVE IF AUTH.
MEHNS N IE 3. UNLOAD OR RELOAD AND

FIRE AS DIRECTED.
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Table 7-1. Misfire procedures for the MIO9IA1/A2A3-continued

HOT TUBE

FAILURE ITO FIRE 
L G N

(Wi 2,3)W4l HANGFIRE POSSIBLE

W-2 STAND CLEAR OF RECOILING

IV PARTS.

ATTEMPT TO FIRE TWO W 3 EVACUATE UNNECESSARY

W-4 DISPOSE OF PROJECTILES AND

YES IRESW-5 5-MINUTE LIMIT ON HOT TUBE

WEAPON MCAI M 10A ANYIE

ALLT PIU ERSN NE TO SAEDS ANCE KEE WIEAP O LA
RE O N SAMER DT.NTF EDOMP FOR FRFCIREO.

(3) ~ ~ ~ ~ ~ (3 Foc2h ueoto atr ni h ~ . PEN oERe are CAB t /6ic
center~~~~~~~~~~~~~~~3 ofITO theE priaO rolriPRndWthte (etcl usue)ad001IncMoER 02ic
adjustment ~ ~ ~ ~ ~ ~ ~ CA mar onELE thIrdecmF(oiotl us elrgg)

(5) Re ~TICtERb.otei-bteypsto
(4)~~~~~~~~~~~~~4 Check theIN claacLnOdus s~ddte lee e fCessry

necessary.IME ke NO eueth ateha utadtecte

7IED 4I E

NO YE

-~~~~ -- E -.- -. - .~. '*U- .- ~ - - .--.- *-



WARNING: Only remove breechblock operator reck springs when
braechblock is in closed position, Springs are under heavy pressure.
Under no circumstances must removal of springs be attempted with
breechblock open.

Note. Before disassembling breech mechanism, remove direct fire
telescope.

II

1. With firing mechanism block 2. Slide rack plate()rearward
(2 in extreme right hand until rack plate -isengages
position push firing ,echa- from plunger.
nism ' ) into block( and
rotate cockwise to remove.

27

5 6

3. Is breechblock closed? (See 4. Release preload on closing
above W4MNING.) Drive gpng using spanner wrench
rack RJat3 rearward; st (s. Apply counterclocwise
plate 5 nd rack springs 9( pressure on adjustorS zd
will pop out. Catch platend depress adjustor plunge 7.
springs with a clean rag . Rotate adjustor slowly cloc-

wise until all torque has been
relieved.

Note. You may have a differ-
ent type adjuster with ears for a
crescent wrench rather than
holes for a spanner wrench.

CAUTION: Never attempt to disassemble the breech mechanism
with breech partially or fully closed.

Figure 7-6. Disassembly/assembly of breech mechanism-weapon-mounted rammer.
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5. Loosen jam nut I1I and re- ,
move cam damper . Cannon
shoul"e elevated slightly, and 6. Open breech observing the
cam Q9 raised and secured following CA TION:
with a strap to cab roof. CAUTION: Since all spring

tension has been released, be
Vextra carefAJ when opening

breehbk~ Use operating
handle a support breech-
block as it is being opened. Other-
wise, carrier will slam open and

16- may be damaged.

7. Using drive punch ( de-
press detent plunger- and
rotate breechblock to loc posi-
tion.

Note. Disassembly of firing
mechanism, mechanism block,
and obturator group do not have to
be done in sequence shown. They
could just as well be taken apart
afterwards.

HAMMER i-.-- HINGE PIN

,.11S GUIDE YOKE SPRING

~FOLLOWER
4 ~CUP /CS

Allka CASE LANYARDCASE LEVER
SEAR SEAR

SPRING
LEVER

"O~d PIN
HAMMER SPRING

8. Disassemble M35 firing mech-
anism. (Pull lanyard lever pin
and the mechanism falls apart).

C
Figure 7-6. Disassembly/eaembly of breech mechanism-wepon-mounted raftmer-.ontinued.
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9. Removgwo, screws and plunger 10. Move extra r away from obtu-
groupvbQl. Slide firing mecha- rator nut Qsjjpport firing
nism housing to disassemble Mecn 4s blc0 arnd hous-
poston (altewyto the right). ing to and unscrew obturaor

nut with spanner wrench5)
Remove firing mechanism hous-
ing and block.

Note. The firing pin retainer is FOLLOWER BLOCK
under pressure and will spring out if SPRING PIN
not restrained during disassembly.
11. Disassemble firing mechanism

block.

ROLLE KNOB

SHAFT 0FIRING PIN

FIRING PIN RETAINER16

12. Pull obturator group 0 out
from breechblock.

/ CAUTION Do not apply oil or
cleaning solvent to pad.

Figure 7-6. Disaaembly/oaembly of breech mechanism-weapon-moaunted remmer--contined.
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OBTURATOR SPINDLE SHAFT

PAD
REAR SPLIT RINGq

DI K

KEY flNUT
SPRING PIN

SPINDLE ASSEMBLY FRONT SPII RING INRRN

13. Disassemble obturator group to clean,
inspect or repair.

WARNING: It takes two men to remove a breechblock.

14. Insert cleaning staff throug brefchblock and carrier
Slide breechblock off, onto staff.

Figure 7-6. Disasaembly/asaembly of breech mechanism-weapon-mounted rammer-continued.

Note: Cannon should be elevated slightly, and cam raised and
secured wvith a strap to cab roof.

1. Rotate operating crank 0to
move breech block operating
gear and operating rack timing
marks to the center of the in-
spection hole under the carrier.

2. With carrieerftn fully open position, install breechblock(3. Uni
cleaning stafand wrap staff with rags to protect carr[m and
brechblock.

Figure 7-7. Anembly of breech unechanisinL
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3. With carrier in fully o0 poui-5
tion, align close~ lug(S with
detent plunger(6 . WIZoper-6
ating rack and operating ger
timing marks aligned in the
center of the inspection hole,
slide breechblock completely
on. Now, recheck alinement
marks.

OSTIAATOR SPINDLE SHAFT OBTURATOR SPINDLE NUT
REAR SPLIT RING

PDSPLIT DISK

SPLITA

~e KEY 11 iiffI

SPRING PIN

SPINDLE ASSEMBLY FRONT SPLIT RING INNER RING

4. Assemble obturator group. Be sure rings, disc adpdreassembled
in proper order on obturator spindle. The splits in the front and rear
split rings should be 1800 apart as shown above.

5. install obturator group in
£ >2 - breechblock.

t~ SPRING PIN

~ RO LER~- - KNOB

SHAF~ FIRING PIN

6. Assemble firing mechanism
block. BL OCK

FIRING PIN RETAINER

Pagumr 7-7. Asmbly of breeh nwchavsm.-contna.
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I0

7. Replace obturator spring®7. 8. Install lunger and twoIgalfiring mekasnism block screws 1 .Be sure plunger tip
(and housinaff)and secure seats in now slot of the obtu-
ourator nut rator nut

I4

S.Uigdrive pci, depres 10. Engage clutch *n4(deen plunger an oaeclose breechblock3 e4turn
breechblock to un ock position, operating handle (~to

11. Release strap holding cam tostp
room and lower cam.

--7.13. Apply preload tension on-~ breech mechanism closingI880 .Us pne wrench
in tiedin holes of ad-2 jviior. The two notches
in e justor provide two

17 graduan ofajustment. Do
4 in. W o apply More preoaed than is

c block securely. useof the final

12. Install cam damper ue nyNncsay
Adjust distance betw en Note. You may have adifflerent
spring cap ends wo nhe o twpe adjustor with sea for a cres.
correct ca tension. Tighten cent wrench rather than holes for -
jam nut 1a spanner wrench,



220
V 20

14. Apply pressur to oppae 15. Slide rack plate )fowr
and rack spinsQ2f with ha-until rear hole of rack plate
mer handle and s de rack plate engages plunger.
over stop plate.

HAMMER I HINGE PIN

GUIDE YOKE SPRING FOLLOWER

CUP LANYARD
CASE LEVER

SCA SEAR
SPRINGLEVER

HAMMER SPRING

* 16. Assemble M35 firing mecha-

17. W~h. firing mechanism block
3in extreme right-hand

positloylk insert firing mecha-
nism Uand rotate counter-
clockwise.

ftuure 7-7. Assembly of breech mechanwm-continued.
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Section II1. RECOIL MECHANISM

7-11. Types of Recoil Mechanism displacement and restriction of the oil flow in the
The recoil mechanism employed on the counterrecoil buffer.

self-propelled 155-mm howitzer M109A1/A2/A3 d. To hold tube in the in-battery position in all
is the hydropneumatic, variable, independent angles of elevations.
type. An explanation of the nomenclature follows: 7-13. Major Components and Functioning

a. Hydro. The mechanism employs a liquid. It of the Recoil Mechanism
can be oil, recoil, petroleum base, hydraulic fluid The recoil mechanism is located in and is part of
MIL-O-5606 (OHA), or hydraulic fluid the howitzer mount. It is composed essentially of
MIL-O-60883, type 1 (OHC), or hydraulic fluid two recoil cylinders, a recuperator cylinder, a
MIL-H-6083, REV C (81349) (OHT). OHT is the counterrecoil buffer, and a replenisher cylinder.
preferred oil, since it contains certain additives
designed to reduce galvanic corrosion. These oils a. Recuperator cylinder. The recuperator is
may be mixed in the recoil mechanism if mounted in the cradle to the lower left of the
necessary; however, the diluting of OHT by the cannon tube, with the piston rod secured to the
addition of OHC or OHA reduces the galvanic breech ring band. The recuperator is charged with
corrosion protection, and thus the mixture should sufficient dry nitrogen gas under pressure (550 psi)
be drained and replaced whenever OHT becomes to hold the tube in battery at all angles of
available. All three types of oil are red and have elevation. When the howitzer is fired, the piston is
temperature ranges of -65* to +1500 F. drawn rearward through the cylinder, further

b. Pneumatic. A gas is used. The gas used is compressing the gas. When the force of recoil is
nitrogen, which is relatively inactive in its free overcome, the gas expands, forcing the piston
state and will not react on metal to cause corrosion. forward and through returning the weapon to

battery. The recuperator cylinder contains a
c. Variable. Length of recoil can be varied piston group, a piston rod, and a cylinder head

mechanically to prevent the breech mechanism group. The major components of the piston group
from striking the floor in the crew compartment are the outer piston section, which is bolted solidly
when the weapon is fired at high angles of to the front end of the piston rod, and the inner
elevation. Under normal operating conditions, the piston section, which is mounted on the piston rod
length of recoil can vary from 24 inches to 36 near the outer section. The inner section is free to
inches. move on the piston rod. Two guide pins mounted in

d. Independent. There is no passage for liquid the inner section pass through holes bored in the
between the recoil cylinders and the recuperator outer section to maintain alinement of the two
cylinder. sections. Oil, pumped through a fitting in the outer

section, separates the two sections and serves to
7-12. Purposes of the Recoil Mechanism lubricate the assembly as it moves in the cylinder.

The purposes of the recoil mechanism are- The quantity of oil between the two sections can be
determined by measurement of the distance thata. To stop the recoiling parts. The recoil the guide pins protrude through the outer piston

mechanism must absorb and control the rearward section. The guide pins must protrude at least %
thrust of the weapon without displacement of the inch but not more than 3A inch. Ring seals and
carriage or excessive shock. This action is packings form an oiltight, gastight seal. The
accomplished by the throttling of oil through the cylinder head group is constructed essentially the
orifices, the compression of the nitrogen gas, and same as the piston group, with the outer section
the friction of the moving parts. mounted solidly in the rear end of the recuperator

b. To return the recoiling parts. The recoil cylinder. The piston rod passes through the
mechanism must cause the recoiling parts to cylinder head. Ring seals and packing. prevent oil
return to the in-battery position. This is leaks, and the quantity of oil between the two
accomplished by the expansion in the recuperator sections of the cylinder head, like that between the
cylinder, of the nitrogen gas that was compressed two sections of the piston group, is determined by
during the recoiling phase. guide pins.

c. To prevent shock. The recoiling parts must be b. Counterrecoil buffer. The counterrecoil buffer
stopped in recoil without shock and returned to the is an oil-filled cylinder containing a spring-loaded
in-battery position without shock, During recoil piston and a piston rod. The buffer is mounted in
this action is accomplished by the increased the cradle below the cannon tube. The piston rod
throttling of the oil flow due to the gradual projects through the rear end of the cylinder and
tapering of the slots and grooves; during rests against a projection on the brech ring band
counterrecoil it is accomplished by the when the weapon is in battery. When the weapon
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moves rearward in recoil, the piston and rod are and in supported by the front follower group, which
released and the piston, driven by the sprang, serves as the front head of the recoil cylinder. The
moves to the rear end ofthe cylinder the piston rod outer orifice is machined to fit into the front
is fully extended to the rear and stops its rearward portion of the recoil cylinder and serves as the
movement, while the cannon tube and other cylinder in which the recoil piston moves in recoil
recoiling parts move farther to the rear to complete and counterrecoil. As the recoil piston moves to the
the recoil cycle. During the last few inches of the rear during recoil, oil bypasses the piston by
counterrecoil cycle, the projection on the breech flovngthroughtheslotsintheouterorifice.Atthe
ring band comes in contact with the piston rod, same time, oil flows through four holes in the
forcing the rod and piston forward through the piston into and through the grooves in the inner
cylinder. The valve plate, now forced against the orifice and thus ahead of the piston. At an angle of
piston, forces oil through small metering passages elevation of approximately 450 (plus or minus 30),
in the valve plate. The restriction in the flow the inner orifice of each cylinder is mechanically I
(buffing) of oil through passages to the rear side of rotated by meshed gears located at the front end of
the piston slows the cannon and causes it to ease the cylinder so that the grooves in the orifice are no
into battery without excessive shock to the longer alined with the holes in the recoil piston. At
carriage, angles of elevation above 450, the only passages

c. Replenisher. The purpose of the replenisher is through which oil can bypass the piston are the

triangular slots of the outer orifice; therefore, theto allow for change in quantity of oil required by l n t frci sl mtdt 4i c e .A nl so
the recoil cylinders as the weapon cycles in recoil length of recoil is limited to 24 inches. At angles of
and counterrecoil and to allow for the expansion elevation below 45o, the holes in the piston are
and contraction of the hydraulic fluid due to alined with 36-inch-long grooves in the inner
temperature changes. The replenisher also serves orifice, as well as with the slots in the outer orifice;
as an oil reserve for the counterrecoil buffer and therefore, recoil can continue for 36 inches. The
the two recoil cylinders. The replenisher is gradual slowing down of the cannon results
mounted on the inner wall of the turret to the right primarily from the increased throttling of oil as the
of the cannon. The bladder in the accumulator is piston moves rearward. The openings in the outer
charged with nitrogen gas to a pressure of 7 to 8 orifice through which oil can flow become
pounds per square inch by direct support narrower and finally disappear, and the grooves in
maintenance personnel. The using unit is the inner orifice gradually become more shallow,

authorized to add hydraulic fluid to the beginning at a point 24 inches in the recoil cycle,
accumulator until the pressure gage has a reading and finally disappear at a point equivalent to 36
of 17 pounds per square inch to 24 pounds per inches of cannon recoil.

square inch. The hydraulic fluid in the recoil 7-14. Maintenance of Recoil System
cylinders and the buffer is kept under pressure by a. Checking the replenisher. The replenisher
the nitrogen gas in the partially compressed should be checked daily. Before firing the pressure
bladder. Hydraulic fluid OHT is the preferred gage should read 17 to 24 psi on the M109A1. On
fluid, but OHC may be used if OHT is not the M109A2/A3 the gage should be 17 to 24 psi.
available. During firing the pressure gage should read 17 to

d. Variable recoil system. The variable recoil 50 psi.
system is composed of the two recoil cylinders and b. Servicing the replenisher. When the gage
associated mechanical controls. The cylinders are reading on the accumulator type of replenisher is
mounted on thecradle, one to the upper left and the less than 17 psi, the replenisher system must be
other to the lower right of the cannon tube. Each serviced with hydraulic fluid OHT(orOHCifOHT
cylinder contains a piston assembly, an inner is not available). If the pressure is greater than 50
orifice, and an outer orifice. Each piston assembly psi, hydraulic fluid should be drained from the
consists of a piston, a piston tube (piston rod), and replenisher system until it is within tolerances.
a plug. The plug is a bolt threaded on both ends.
The plug is screwed into the breech end of the (1) To replenish the fluid, remove the filler
piston tube. A nut screwed onto the other end of the valve plug and gasket, install the M3 oil gun, filled
plug secures the piston assembly to the breech ring with clean, new hydraulic fluid OHT, into the
band of the cannon. The inner orifice is a shaft check/fill valve of the pressure gage/accumulator
with four grooves, 36 inches long, cut lengthwise in type, and pump the fluid into the replenisher until
its outside diameter. The outer orifice is a metal the pressure gage reads above 24 psi on the
tube with two triangular-shaped slots (orifices), 24 replenisher.
inches long, cut into its side wall, one on each side (2) Depress the tube to approximately -50 mils
of the tube. The wide ends of the slots are near the and loosen the right-hand bleed plug to bleed the
front end of the tube, with the points of the slots accumulated air from the rear of the buffer. When
toward the rear end of the tube. The inner orifice is air-free fluid continues to flow from the bleed cock
located in the hollow recoil piston tube (piston rod) or bleed plug, close the cock or tighten the plug.
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(3) Elevate the tube to approximately +50 mile
and loosen the left bleed plug to bleed the
accumulated air from the front of the buffer. When
air-free fluid continues to flow from the plug,
tighten the plug.

(4) Elevate the weapon to approximately +180
mils and loosen the plug on the bleeder tee. When
air-free fluid continues to flow from the plug,
tighten the plug.

Figure 7-10. Recoil cylinder bleeder tee plug.

(5) Open the replenisher bleed cock slightly to
bleed off any accumulated air from the replenisher
and, when air-free fluid continues to flow from the
bleed cock, close the cock.

(6) Check the accumulator gage (fig 7-8) for a
pressure reading of 17 to 24 psi.

(7) On the M109AI if gage reads below 20 psi
(on the M109A2/A3 below 17 psi), start over from
step 1. If gage reads above 24 psi, bleed from any of

Figure 7-8. Presure gage/accumulator type. the 4 places until gage reads below 21 psi or 17 psi.
(8) If the check shows that the replenisher is

low on fluid, add fluid to the correct operating
range; if the check shows that the replenisher is

*overfiled, drain to the correct operating range.

BLEED M -,&BLEE PLUG (9) Rebleed the system if required and check
for fluid leaks. Remove the M3 oil gun.

* 7-15. Mafuncons of the Reoil Systsm
a. If the tube slams out of battery, the system is

-' ~low on hydraulic oil or low on nitrogen.
b. If the tube slams into battery, the system is

low on hydraulic oil or air is in the counterrcoil
buffer.

c. If the tube is jerky in recoil action, air isin the
recoil cylinder.

d. If the system leaks 3 drops or more in 5
Figure 7-9. Buffer bleed plugs M127 gun mount minutes or less the weapon mustbesentto support

(late M109 vehicles), maintenance.
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Section IV. ELECTRICAL AND HYDRAULIC SYSTEM

7-16. Electrical System (a) Serial numbers 1 through 1122. When
The 24-volt negatively grounded electrical the engine starts, turn the MASTER switch ON

system requires four 12-volt storage batteries. and set the idle to 650 rpm.

Direct current for charging the batteries and (b) Serial numbers 1123 and above. When
operating electrical units is furnished by a the engine starts, set the idle to 650 rpm. Set and
100-ampere engine-driven alternator and a hold the MASTER switch at the SLAVE position.
selenium-type rectifier. Current may also be The indicator light should light, which means that
supplied by an external source through a slave the receiving vehicle batteries are connected to the
receptacle. On earlier models, the receptacle is generator system. Set the MASTER switch at the
located in the driver's compartment and the slave ON position; the indicator light should remain on.
cable must be passed through the driver's hatch. If it goes out, return the MASTER switch to the
On later models the receptacle has been SLAVE position and hold a while longer.
repositioned and can be reached through the (6) Disconnect the slave cable from both
battery access door. vehicles.

a. Contact boxes. The contact boxes pass the (7) Increase the disabled vehicle engine speed
electrical power from the lower carriage to the to 1,000 rpm to recharge the batteries. Check the
turret. There are five contact boxes on the newer battery indicator.
weapons and three on the older weapons.

b. Slip ring. The slip ring provides continuity of
electrical circuits from hull to cab. a. Reservoir. The reservoir holds 11.25 quarts of

oil, which may be pumped into the accumulator as
c. MASTER switch. The MASTER switch is it is needed to pressurize the system.

located in the driver's compartment on the main
control panel. The MASTER switch controls b. Power pack pump. The power pack pump,
communications and lights inside crew powered by a 5-horsepower electric motor, is
compartment. located in the top of the reservoir. This pump

pumps the oil out of the reservoir into thed. Cab power switch. The cab power switch is accumulator to pressurize the system.
located on the gunner selector switch box at the
gunner's station. This switch controls all electrical c. Accumulator. The accumulator, a metal
power to the cab with the exception of that for cylinder alongside the reservoir, has a
communications and lights, free-floating piston in it. One end of the

accumulator has a precharged nitrogen pressure
e. Slave starting disabled vehicle, of 500 to 550 psi. The accumulator allows the
WARNING: Do not allow personnel between transfer of pressure to the system to serve the

vehicles during slave starting. power traversing and elevating mechanisms and
(1) Lock the brakes on both vehicles. (All the rammer. It also serves the equilibrator.

accessories must be off.) d. Pressure sensitivity switch. The pressure

(2) On vehicles with serial numbers 1 through sensitivity switch is located at the base of theaccumulator. It senses the pressure in the system1122, leave the BLASTER switch in the OFF dmi aishpesrbws92nd,5
position. On vehicles with numbers 1123 andand 1,225above, set the MASTER switch at the SLAVE psi. When the pressure drops below 925 psi, theposition, pressure sensitivity switch turns on the 5-hp

motor to activate the pump to return the pressure
CAUTION: Polarity (plus-to-plus, minus-to- to operation limits. When the pressure reaches

minus) and voltage (24 volts) must be the same in 1,225 psi, the switch shuts the motor off.
both vehicles. e. Safety relief valve. The safety relief valve

(3) Start the engine of the vehicle supplying opens when the pressure in the accumulator
powerand adjust the hand throttle lever to idle the reaches between 1,600 and 3,100 psi. This action
engine at approximately 1,000 rpm. allows the hydraulic oil to flow back into the

reservoir and prevents the seals in the hydraulic
(4) Connect the slave cable to the auxiliary system from being damaged.

power receptacle (fig 7-11) of each vehicle. The Accumulator pressure gage. The accumulator
indicator lamp should light. psi -a gage, located in front of the accumulator,

(5) Set the disabled vehicle engine STARTE. in? .es the amount of nitrogen pressure during
switch at START. tk zero pressure check.
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12m Function

1-indicator panel light Indicates speedometer/odometer and tachometer/hour meter
2-Hi-beam indicator light Illuminates if hi-beam headlights are "ON"
3-Parking brake indicator light Illuminates if parking brake is "ON"
4-Vehicular light switch Refer to figure 2-22
5-Fu' 'nk selector switch To indicate fuel supply-refer to figure 2-16
6-Bige pump switch To control bilge pump (pare 2-49)
7-Flame heater system light Illuminates if flame heater system is "ON"
8-Blackout selector switch Refer to figure 2-22
9-Flame heater master switch To control flame heater (table 2-21)

10-Starter switch To start engine
S1-Flame heater switch To start flame heater (table 2-21)

12-Master switch indicator light Illuminates when master switch is "ON"
13-Master/slave switch To control electrical power to vehicle
14-Speedometer/odometer Indicates speed and registers vehicle mileage
1 5-Auxiliary outlet To operate unattached accessories
16-Tachometer/hour meter Indicates engine rpm and operating hours

Figure 7-11. Instrument panel.

Located in battery compartment ion
arly models in drivers' comperument.

Figure 7-12. Auxiliary power reception.
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g. Reservoir sight gage. The reservoir sight position. The principal components of the rammer
gage is located between the reservoir and the are the cylinder, tray assembly, switches, timer,
accumulator. It visually indicates the amount of and solenoid valve.
oil in the reservoir, a. Cylinder. The cylinder, when hydraulically

h. Cab hydraulic system. The cab hydraulic activated, extends a telescoping ram, which slides
system provides power for the operation of the cab the projectile into the chamber. At the completion
traversing and howitzer elevating mechanisms of the ramming stroke, the ram is returned
and the rammer. Pressure within the system is automatically.
supplied by a hydraulic pump powered by a b. Tray assembly. The tray assembly, a concave
5-horsepower electric motor, which charges the length of sheet metal, supports the projectile and
accumulator. A power control handle is provided guides the projectile into the chamber.
for use by the gunner in elevating and traversing
the weapon. An elevation control handle is also c. Switches. Three switches are provided for
provided for the assistant gunner; this control is safe, automatic operation. The hinge switch
operative when the gunner's elevation selector makes the electrical operation of the rammer
switch is depressed. In addition to the power impossible when the rammer is in the stowed
controls, there are manual controls for elevating position. The tray and rollover switches provide
and traversing, for automatic operation. These switches must be

depressed in sequence to activate the rammer.7-18. Rammer When the rammer is run through its normal cycle
The rammer is an electrically activated, of operation, the switches will be depressed

hydraulically operated system that aids in loading automatically and in proper sequence.
the cannon by thrusting the projectile into the d. Timer. The timer, when activated by the
chamber. The weapon-mounted rammer remains switches in the base, closes an electrical circuit,
in alinement as the tube is elevated or depressed which activates the solenoid for the period of time
and therefore permits ramming the projectile at necessary for the complete extension of the
any elevation between -53 mils and approximately cylinder ram and holds it in the extended position
700 mils. The weapon-mounted rammer is approximately 9 second.
supported in the stowed position to the lower left of
the tube on the rammer shaft and needs only to be
rotated about the rammer shaft into position
behind the breech. The projectile is manually 1 2
placed on the tray ahead of the cylinder. As the
cylinder is swung back onto the tray, a switch is
tripped, the rammer automatically extends, and
the projectile is rammed into the chamber. As soon
as the rammer retracts, it is folded into the stowed

rA

1 -Cab power switch
2 -Cab power indicator light
3 -Manual/power selector

2 / 4 -Selector indicator light
5 -Elevation control switch
6 -Control handle

1 -Lock indicator 7 -Magnetic actuator
2 -Main release handle 8 -Manual traversing handwheel

Figure 7-14. MIO9A traversing controls
Figure 7-13, Weapon-mounted rammer, at gunner's station.
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e. Solenoid valve. The solenoid, when activated d. Traversin vm.ponents.
by the timer, positions a spool within the valve, (1) Cab traverse lock. The cab traverse lock
allowing hydraulic pressure to reach the cylinder (fig 7-14) is located to the right of the gunner's
and extend the ram. The spool returns to its control handle. A two-position lock, it locks the
normal position when the solenoid is inactivated, cab in place and relieves stress on the traversing
reversing the hydraulic pressure and thereby mechanism.
returning the ram into the cylinder. To prevent
accidents, the crew must insure that the lead wire (2) Manual-power selector lever. On the
from the timer box to the solenoid is disconnected M109A1/A2/A3, the selector switch is on the
at the solenoid at all times except during live gunner's selector switch box (fig 7-14).
firing. Note. With power off, always leave the lever

7-19. Traverse in the manual position.

a. Type. The type of traverse is ring and race. (3) Hydraulic motor. The hydraulic motor (fig
The ring is attached to the hull (motor carriage) 7-14) is located to the left ofthe manual traversing
and does not move in traverse but supports the handwheel.
weight of the race, which is attached to, and (4) The M109AI/A2/A3 has a no-back device
moves, with, the cab in traverse. Bearings between built into the hydraulic motor that acts as a brake.
the ring and race provide ease of movement.

b. On-carriage traverse. The total amount of manual traversing handwheel (fig 7-14), located
on-carriage traverse is 6,400 mils (3600). left of the gunner power traverse control, enables

7-20. Traversing Mechanism the gunner to traverse manually.

a. Purpose. The traversing mechanism (fig (6) The handwheel moves the tube 10 mile in
7-14) controls the movement of the weapon in traverse per turn.
azimuth. Note. The gunner must alert the crew prior to

b. Type. The traversing mechanism is of the traversing.
hydraulic power type with a manual backup.

c. Flow of power. The traversing electrical 7-21. Elevation
circuit provides electrical control for the
traversing hydraulic system. Actuation of the The M109A1/A2/A3 howitzer has rear-
magnetic brake actuator releases the hydraulic mounted trunnions. The elevation mechanism is
motor magnetic brake. The power elevating and operated by hydraulic power. It permits elevation
traversing control handle directs pressurized of the tube from -53 mils to +1,333 mils (-30 to +750).
hydraulic oil to drive the traversing motor. A manual backup system is also provided.

IIIRATOR1

F re7-1 ltn IAnd tLOCK

= Figure 7-15. Elevating and traversing controls.
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7-22. Elevating Components b. Jerky motion of the elevation mechanism

The gunner's and a t g s c s indicates emulsified oil. There are two methods of

are located at their respective stations. removing the emulsified oil.

a. Elevation selector switch. The elevation (1) Elevate the tube to 250 mils; bleed oil from
a.le tionselector switch.(g-4),ocated Th el n the front bleed cock of the elevating cylinder by

selector switch (fig 7-14), located on the gunner's depressing the tube until there are no air bubbles
selector box, allows the gunner to choose whether in the fluid. Elevate the tube to 850 mils; bleed oilhe or the assistant gunner will elevate the weapon. from the rear bleed cock of the elevating cylinder

b. Equilibrated elevation cylinder. The by elevating until there are no air bubbles in the
equilibrated elevation cylinder (fig 7-15) is located fluid.
on the cab ceiling to the left of the breech ring. The (2) The second method of removing air from
amount ofoil which is pumped or drained from this the elevating cylinder is to elevate the tube slowlycylinder causes the elevation cylinder piston to ung the hydraulic mode and, simultaneously,
push or pull on the gun mount, which in turn

causes the tube to be elevated or depressed. depress the tube manually to maintain the tube
motionless until the air in the elevating cylinder is

c. Manual elevation accumulator. The manual removed.
elevation accumulator is the narrow cylinder
located vertically along the right trunnion wall. 7-24. Equilibrator

d. Manual elevation handpump. The manual a. Type. The equilibrator (fig 7-16) is of the
elevation handpump (fig 7-14), located at the hydropneumatic type, in that both a fluid (hydro)
assistant gunner's station, provides a manual and a gas (pneumatic) are employed in the system.
backup in the event the power elevationmechanism becomes inoperable. b. Purpose. The purpose of the equilibrator is to

compensate for the preponderant weight of the
7-23. Maintenance of Elevation Mechanism muzzle (due to the rear-mounted trunnions) and to

a. If the manual elevation accumulatoris low on reduce the manual effort required to elevate the
hydraulic oil- tube.

(1) Lower the tube to the depression stop. c. Components.

(2) Depress further (approximately 10 turns) (1) Equilibrated elevating cylinder. The rear
with the manual elevating handpump. part of the elevating cylinder is located on the roof

RED KNOB

, KNOB3

Figure 7-16. Components of the equilibrator system MIO9AI/A2/A3.
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of the cab near the gunner's station. It is composed (4) Handpump. A handpump (fig 7-15) is
of a piston, a piston rod, seals, and a cylinder incorporated into the system to force the hydraulic
housing. The piston rod is attached to the howitzer fluid from the reservoir to a cross in the line
mount. Hydraulic fluid under constant pressure leading from the accumulator to the cylinder. This
from the hydraulic accumulator assembly forces permits adjustment of the equilibrator system to
the piston to exert a constant pull on the howitzer compensate for variations in the temperature. The
mount. This pull assists with the elevation or handpump is located at the gunner's station on the
depression of the tube. left cab wall.

(2) Accumulator. On the M109A1/A2/A3, (5) On the M109A1/A2/A3 there two valves.
there are two accumulators located at the gunner's The drain valve (painted red) allows the fluid to be
station. The primary one (fig 7-1 1J)is located completely drained out of the system. The second
below the handpump mgn the caF wall. The valve is the equilibrator valve knob, which allows
secondary one (fig 7-16(2 ), which is sWialler, is fluid to be supplied to the equilibrators from the
located above the handp1mp (fig 7-16(j3) on the main accumulator. Variations in temperatures
cab wall. can affect elevating or depressing of the cannon.

(3) Reservoir. On the M109A1/A2/A3 the The equilibrator, which counterbalances the
main reservoir provides hydraulic fluid to the weight of the tube, must be adjusted if more effort
accumulators through a pressurized line (fig is required to elevate than depress or vice versa.
7-16(1') or a free-flow line should the weapon be Take the following steps to compensate for
withoit power. differences.

1. Using the gunner's quadrant, set the howitzer at
+266 mils.

2. Using the manual elevation handpump. ole-
I_ vate and depress the howitzer tube to determine if

it is as easy to elevate as it is to depress.

/1-4

3. If no difference is detected, no adjustment is 2
required.

4. If it is harder to elevate, inease equilibrator 5
pressure with the handpump( .

5. M109A1/A2/A3: If harder t depress, slowly2 J open the system drain valv 4) place a clean

container under the drain tube5. and bleed off a
small quantity of hydraulic oil.

6. Ilepeat stel Snd adjust the system with ste r
(5until no difference is detected.

- -". 1 Lr - -- Note. M109Al: With the MASTER switch and cab

power switch turned on, the equilibrator valve knob
5a. M109: If harder to depress, redje pressure by open (turned left), and the system drain valve open,

slowly opening the globe vlve(3to release oil the complete hydraulic power pack will be pumped
pressure from the system. dry.

Note. M109A1: Equilibrating hydraulic oil comes
from the power pack. Do not operate the system with
low fluid levels.

Figure 7-17. Adjustment of equilibrator. C
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Procedure: 12. Set the cab power switch and the MASTER

I. Place the weapon on level ground, if possible. switch at the OFF position.

2. Set the MASTER switch and cab power switchQ) 13. Observe the sight gage&8on the main hydraulic
to ON position to charge the system. reservoir. Oil appearing in the gage should be

3gag 2 reading. Normal level with the mark on scale "full at zero pressure
Observe the pressureheck."
operating pressure is 925 to 1,225 psi. chek."

4. Set the cab power switch and the MASTER switch 14. If the oil is low, replenish by adding hydraulic oil.
to the OFF position. 15. To add hydraulic oil, remove the cab access plate

9ou lted on top right rear of cab, by removing
5. Set the cab traversing lock handle 4at the locked 9 located to.

position or place the tube in travelock.
6. On th M10A1/A2/A3, move the selector 16. Unscrew and remove the dipstick g ) from theswitc M A3to the manual positionr top of the reservoir and note the rea-ing on the

dipstick.

7. Disconnect the circuit connector (No 645K:) 17. Add hydraulic oil (MIL-L-6083) to the reservoir,
located at the right rear of cab by the pressure if needed and check the level again with the dip-
gage. stick. Oil should be level with the full mark on the

8. Set the MASTER switch at the ON position. dipstick.

9. Set the cab power switch(jto the ON position. 18. Replace the dipstick in the hydraulic oil reservoir

10. Move the gunner'scontrol handle3tothe left or and tighten.

right. 19. Replace the access plate and four bolts.

11. Watch the pressure gage needle~as it drops 20, Reconnect the circuit connector (No 645) 3
from operating pressure until it flutters; then the 21. Set the MASTER switch to ON position. The main
needle will drop sharply to zero psi. The reading hydraulic system will then charge.
at which the needle fluttered is the amount of
precharged nitrogen in the main accumulator. 22. Set the cab power switch to the ON position.
The normal precharged nitrogen pressure in the 23. The needle will move from zero on the pressure
main accumulator is from 500 to 550 psi at 700. gage and stop between 1,175 and 1,275 psi.
(This psi will vary with temperature changes.)

Note. If the main accumulator nitrogen pressure
is below 450 psi, notify organizational maintenance.

•-Figure 7-18. Zero pressure check.
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The zero pressure check should be performed by The second indicates if there is enough hydraulic
qualified organizational maintenance personnel oil in the main power pack reservoir.
(artillery mechanics) quarterly or when If, after performing the before-operation and
troubleshooting the main accumulator and maintenance checks on the cab traversing,
hydraulic system. The zero pressure check is not elevation, and rammer systems, they function
performed by the crew as a part of the daily or sluggishly or unusually, it may be necessary to
prefire preventive maintenance checks. However, perform a zero pressure check. An example would
in the event no artillery mechanic is available, it be if the electric drive motor runs more often than
would become the responsibility of the chief of usual to keep pressure built up for power operation
section and the crew. of the traversing, elevation, and rammer systems.

The zero pressure check is two checks in one. The
first indicates the amount of precharged nitrogen
in the main accumulator.

Section V. FIRE CONTROL EQUIPMENT

7-25. Panoramic Telescope Ml 17 counter device. Included also is a reset counter,
which can be set to show a reading of 3,200 mils

The panoramic telescope M117 (fig 7-19) is the when the telescope is alined with the aiming point.
basic instrument used in laying the weapon for A gunner's aid counter mechanism is an integral
direction. Unlike older series of panoramic part of the counter mechanism and permits special
telescopes, which have azimuth scales graduated corrections for factors peculiar to the individual
from 0 to 3,200 mils, the M117 has an azimuth weapon and its emplacementto be entered. The 9 0 *
counter that permits readings from 0 to 6,400 mils. head prism, objective lens, reticle, and erector lens
It is mounted direl - on the telescope mount are included in a single assembly. This design
M145. It is a 4-power, Axed-focus telescope with a eliminates relative movement between the reticle
100 field of view. It is equipped with a mechanical and the 900 head prism as the cab rotates.

22

I -Rheostat knobs: Turn to vary amount of light for lamps.
2 -Azimuth deflection knob: Turn to set azimuth reset counter and rotate telescope and to set azimuth

counter.
3 -Cros-level knob: Turn to center cross- level vil® .
4 -Gunner's aid knob: Turn to set gunner's aid counter .

5 -Gunner's aid counters: Used to set visual correction factor for individual wapon.

Figure 7-19. Telescope MI ? and mount M145.
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6 -Boresight detent shaft: Used in boresighting.
7 -Pitch-level vial.
8 -Cross-level vial.
9 -Elevation handwheel:Turn to set elevation counter @ .

10 -Elevation counter: Shows quadrant.
11 -Correction counter: Registers correction value for individual weapon in mils.
12 -Elevation correction knob: Turn to set correction counter

13 -Elevation level vial.
14 -Pitch knob: Turn to center pitch-level vial®.

15 -Quadrant level knob: Turn to center quadrant cross-level vial

16 -Quadrant cross-level vial.
17 -Toggle switch: Push up to turn on lamps.
18 -Reset knob: Push in and turn to reset the azimuth reset counter 63.
19 -Reset counter (3200-mu): Registers azimuth travel in mils.
20 -Azimuth counter (6400-mil): Registers azimuth travel in mils.
21 -Door release: Move to right to open azimuth counter door.

22 -Elevation knob: Turn to adjust reticle up or down 300 mils.
23 -Quadrant seat: Set gunner's quadrant here for fine elevation adjustment.

Figure 7-19. Telescope M117 and mount M145-continued.

7-26. Direct Fire Telescope M 1 8C telescope with a 100 field of view. The instrument
contains two precollimated ballistic reticles that

The telescope M1 18C (fig 7-20) is mounted in the can be selectively placed in the field of view. The
telescope mount M146 on a forward spherical seat telescope eyepiece arm can be positioned to a
and is retained at the opposite end by a kingpin. convenient angle for viewing. The rim release
This instrument is a 4-power, fixed-focus lever prevents damage if the eyepiece arm is up

i3

1 -Light control knob 5 -Elevation scale
2 -Reticle detent knob 6 -Elevation knob (boresight)
3 -Cant correction knob 7 -Release lever
4 -Kingpin knob (secures the 8 -Eyepiece arm

Cdirect fire scope in place) 9 -Azimuth knob (boresight) not men
Figure 7-20. Direct fire teleocope.
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and the tube is depressed. Two reticles are 7-28. Elevation Quadrant MIS
provided for use with the Ml18C telescope. Elevation quadrant M15 (fig 7-21), mounted
Crewmen can rapidly interchange the reticles by directly on the right-hand trunnion, is used for
rotating the reticle lever arm 1800 right or left. dret o the ghan tlunnion iued fo
Reticles and ammunition are correlated. The adjustment of the weapon in elevation when twoin theupper men are laying the weapon. Elevation quadrant
proper ammunition is identified in the upper M15 is equipped with a mechanical mil counter forportion of the field of view on each reticle. elevation readings. Correction counters are built

7-27. Telescope Mount M146 in to permit quick, accurate insertion of elevation
The telescope mount M146, located to the right of correction factors peculiar to the individual

the tube, forms an adjustable base to support the cannon and cannon emplacement. Quadrant seats
M118C direct fire telescope. The component parts are provided on the instrument to allow the use of
are constructed primarily of stainless steel for gunner'" quadrant MiAl when fine elevation
strength and corrosion resistance. settings are required. A mounting bracket for the

elevation quadrant is precisely machined and
a. Boresight knobs. Azimuth and elevation alined so that, when the instrument is installed,

boresight knobs mounted on calibrated screws complex adjustments are unnecessary and only an
provide a means of adjusting the mount during accuracy check is required. The controls on the
boresighting. Telescope mount slip scales elevation quadrant are identical with
graduated in tenths of mils simplify the corresponding controls on panoramic telescope
application of special ballistic corrections for mount M145.
factors peculiar to an individual weapon or its
emplacement. Internal ratchets automatically 7-29. Boresighting
lock the controls at any desired setting. a. Possightinga. Purpose. The purpose of boresighting is to

b. Cant correction. Crewmen achieve cant insure accuracy in laying for elevation and
correction by rotating the entire telescope between direction. Boresighting is the process of alining
the telescope ball supported at the forward end and the on-carriage sighting and fire control
the fixed telescope sleeve near the opposite end, equipment so that the lines of sight of the
thereby erecting the reticle pattern. A single telescopes are parallel to the axis of the bore.
tapered kingpin secures the telescope in the mount; Boresighting is conducted before firing and, when
the kingpin can be removed without the use of necessary, during lulls in firing.
tools.

c. Cable assembly. A cable assembly conducts b. Methods of boresighting. There are two
electricity from the vehicle power supply to the methods of boresighting the MI09A1/A2/A3.
telescope for illuminating the reticles and level They are the-
vial. (1) Testing target method.

(2) Distant aiming point method.
CONNECTION ELEVATION Note. For checking the boresighting with the

COKRECTION COUNTEEV COUNTEO M140 alinement device, see TM 9-2350-303-10N.

Oc. Preparation for boresighting.
(1) Regardless of the method used, the

trunnions should be as level as possible. Test
0 target 0 mil. DAP boresighting trunnions 90 mils.

(2) The breech and muzzle boresights must be
in their proper positions.

(3) All instruments and mounts must be
positioned securely without free play.

d. Testing target method. To boresight, using
the testing target method, follow the steps in (1)
through (7) below.

TOGGLE SWITCH." ELEVEATIOvL C'-EVEL (1) Level the trunnions to zero mils.

CROW LEVEL (2) Using the gunner's quadrant and adding
VIAL algebraically any corrections determined by the

end-for-end test to the embedded correction and
stamped on the howitzer breech ring, set the tube

Figure 7-21. M15 elevation quadrant. to zero elevation.
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(3) Turn all numeral counters and corrector (c) Take up the correct sight picture by
scales to zero on both the panoramic telescope alining the vertical and horizontal lines of the
mount M145 and the elevation quadrant M15 and panoramic telescope reticle pattern to the left
cross-level the bubbles. aiming diagram on the testing target by rotating

(4) The elevation level bubbles in the vials on the azimuth and elevation knobs, respectively.
the elevation quadrant M15 and the telescope (d) The azimuth counter should now read
mount M145 should now be centered within plus or 3200. If it does not, fully depress the boresight
minus 0.5 mil. If they cannot be centered within adjustment shaft with a small screwdriver and
this tolerance the mount M145 and/or the rotate it until the azimuth counter reads 3200. The
elevation quadrant M15 should be referred to panoramic telescope is now boresighted for
authorized maintenance support personnel. direction during indirect and direct fire.

Note. A detailed orientation check of the CA UTION To prevent extensive damage to the
elevation quadrant M15 can be found in figure panoramic telescope M117, depress the boresight
3-10, page 3-41 of TM 9-2350-217-10 if required. adjustment shaft fully before attempting to rotate

it.
(5) Place the testing target (fig 7-22) 50 to 100

meters in front of the howitzer tube and position (7) To boresight the direct fire telescope-
the target so that the bore diagram is alined with (a) Center the cant level bubble by turning
the boresights. the cant correction knob.

(6) Place the panoramic telescope in the (b) Rotate the azimuth and elevation
telescope mount M145 and- boresight knobs on the direct fire telescope mount

(a) Check the gunner's aid to see that it has M146 until the correct eight picture is obtained on
been set to zero and adjust the azimuth counter to the right diagram.
read 3200. (c) Set the telescope mount slip scales to

(b) Check to see that the pitch and elevation 4, azimuth 4 without moving thecr e bes tof settthe a itecoe aelevating or azimuth boresight knobs. The directcros-level bubbles of the panoramic telescope fire telescope is now boresighted for range duringmount M145 are centered. direct fire. "

e. Distant aiming point m-thod. A distant
aiming point may be used for boresighting if a( _testing target is unavailable or if the tactical
situation makes use of a testing target impractical.

IThe aiming point selected should be a sharply
defined point at least 1,500 meters from the
howitzer and as near to howitzer zero elevation as
possible. All steps prescribed for the testing target
method (d above) apply in the distant aiming point
method, except that, in the latter method, the

_boresights and the optical sights are alined on the

same distant aiming point rather than on
displaced points. Accurate leveling of the
trunnions is not mandatory when a distant aiming
point is used for boresighting. The trunnions
should be within 90 mils of levels.
7-30. Fire Control Alinemnt Tests

The procedures for performing fire control
alinement tests are contained in Reference Note
WCXXFC, Fire Control Alinement Tests for
Self-Propelled 155-mm Howitzer MlO9AI/
A2/A3, Self-Propelled 8-Inch Howitzer MIlOA2,

Figure 7-22. Boresight testing target for Towed 105-mm Howitzer M102, and Towed
self-propelled howitzer MIOAI/A2/A3. 155-mm Howitzer M114 or MII4AI/A2.
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Section VI. PRODUCT IMPROVEMENTS

7-31. The M109A2/MI09A3 responsiveness if travel from one position to
Improvements of the Ml09Al have followed two another could be accomplished with the

separate tracks. The end result has been the same, panoramic telescope mounted. A ballistic coverhowever. The M109A2 originally began a the with a plexiglas cover over the front has been
however. Th wa2 oriinfallyrega aspe theay installed to allow travel with the pantel mounted.
M1o9A1B which was manufactured thally Initially, the interior of the cover was painted the
for foreign sales which was nothing more than a smcorasthe pantel making sighting of thenew M109A1 with all recent modifications. same color astepaelminsihngote
newa ith lldrecisio n m d ifietinse pantel with aiming circle very difficult. To
Afterwards, the decision was made to retain some alleviate this problem the interior of the cover will
of the M19A1B models and apply the midlife PIP be painted a different color. White has been
items with the result being the M109A2. The considered but it does result in a significant
M109A3 is an application of the same midlife PIP sidere whit does be a act ica nt
items to the M109Al which has been in the field for signature which could be a tactical mistake.
quite some time and recalled for modifications. d. Power-rammer (fig 7-30). The time delay

a. Ammunition storage. One of the most sequencing of the loader-rammer has been
noticeable changes resulting from PIP removed and a simple push (ram)-pull (retract)
applications appears in alteration to storage of control installed to replace the older system.
ammunition. Ammunition capacity has been Ramming is now a positive crewmember action.
increased from 28 complete rounds to 36 by the The chief advantage, however, is that ramming
addition of a projectile storage rack (fig 7-23). The time has been reduced by approximately 50
rack is installed in the rear opening of the turret. It percent.
has been designed with three doors, two largedoors which protect the projectiles and a small e. Travel lock (fig 7-31). The travel lock has been
door which allows servicing of the howitzer with installed with a set of springs at the pivot point todoormwhicho afos ter g o. the eristg make it easier to raise and lower the travel lock.ammunition from the M548. The existing The springs also prevent the travel lock fromprojectile rack inside the howitzer has been falling a prn the trator from
removed and replaced with a bracket which allows falling and injuring the operator during
storage of 13 propellant containers. The rear door engagement and disengagement.
ontheinsidehasbeenmodifiedtoallowstorageof f. Recoil mechanism (fig 7-32). The
four metal fuzecontainers. In the past, servicing of counterrecoil buffer has been redesigned to
air filters has been a problem due to the rightfront provide a more reliable system that reduces more
storage racks. Now, the racks are fitted with quick of the shock of firing. The bleeder "T" on the front
disconnects which facilitate easy removal of the of the recoil mechanism is being designed such
racks when servicing the air filters. that tools are no longer necessary for servicing the

b. Safety improvements. Crew handholds (fig recoil mechanism.
7-24) have been provided on the cab roof and side
walls to reduce possibility of injury to the crew g. Driver's hatch (fig 7-33) and instrument
inside during movement. The handhold over the panel. The driver's hatch on the M109/M109AI
operating cam serves an additional function in provides access only after being opened from the
that it provides a point to secure the cam during inside. The new hatch allows the operator to open
maintenance. Latches on the cab side doors (fig the hatch from the outside. The driver's
7-25) have been improved to prevent accidental instrument panel (fig 7-34) has been modified to
closing of the doors due to the shock of firing. The provide mounting in the crew compartment of the
equilibrator handpump (fig 7-26) has been moved howitzer for easier monitoring during firing. A
to a location behind the panoramic telescope. A shutdown alerting device in the form of a color
horizontal push-pull stroke is now possible coded temperature gage to indicate to the driver
without injury to crew members. The older when the engine temperature is low enough to shut
stainless steel hydraulic lines running to various the engine down has been added to the instrument
systems hrve been replaced with flexible hoses (fig panel. Another alerting device to assist in proper
7-27) wherever possible. They should reduce the maintenance of the engine is the aeration detector.
frequency ofhydraulic line breaks. To reduce entry This will provide the operator a positive indication
of rain water into the howitzer cab via the rotor when the coolant level is too low in the radiator.
assembly, a window shade type of cover (fig 7-28) h. Fuel pump. To increase the automotive life of
has been installed on the exterior. Initially, the weapon, an electric fuel pump has been
however, the weather cover did not prevent entry installed. Loss of injector assemblies and injector
of water at all angles of elevation which caused pumps has been attributed to air in the fuel filter
further improvement to be necessary. system. With the new electric pump, however, any

c. Ballistic cover (fig 7-29). For some time many air in the fuel lines will be removed prior to the fuel
have believed that we could increase going to the injector pump.
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Figure 7-23. Ammunition storage. FYgr 7-24. Crew handholds.

*Figure 7-25. Latches -side door. Fig;;re 7-26. Equilibrator handpump.

Figure 7-27. Flexible hoses. jAgr 7-28. Wfidow shade type cover.
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Figure 7-29. Ballistic cover. Figure 7-30. Power-rammer.

Figure 7-31. Travel lock. Figure 7-32. Recoil mechanism bleeder "T".

Figure 7-33. Driver's hatch. Figure 7-34. Driver's instrument panel.4

7-32



SecionMM A SUMAR

7a32 TMeview33-ON

*1i hpe a eotdt xmnn h

major~~~~~~~ copnnsofteM0AlA/ h

charcteistcsnomnclaure fuctinin4an



U. S. ARMY *wcxxws
FIELD ARTILLERY SCHOOL HB-8

Weapons Department Dec 81

Fort Sill, Oklahoma

CHAPTER 8

8-INCH HOWITZER, M1 10A2, SELF-PROPELLED

Section I. GENERAL

8-1. References system effectively harnesses the shock of firing

FM 6-94;TM9-2350-304-10;,TM9-2350-304-20; and transmits the shock directly to the ground

and LO 9-2350-304-12. through the locked suspension system, thus
making the vehicle an extremely stable firing

8-2. Introduction platform.

a. The 8-inch howitzer M11OA2 is a highly b. The M11OA2 is capable of attaining high

mobile combat support weapon. A unique feature speeds on average roads and of negotiating rough
terrain, snow, and mud. A-vehicles add strategicof these weapons is that they can be mounted mobility to general support artillery. The cruising

interchangeably on a single vehicle. The range for the MloA2 is 325 miles.
interchange can be accomplished by support
maintenance personnel in less than 2 hours. This c. The 8-inch howitzer (fig 8-1) mounted on the
greatly increases the versatility of general support M11OA2 retains the characteristics, accuracy, and
artillery and permits a corresponding decrease in reliability associated with early models of the
logistical support. A hydraulic suspension lockout 8-inch howitzer.

Figure 8-1. 8-inch self-propelled howitzer M1IOA2.

*Supersedes HB-8 WCXXWS, Dec 80.
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Section II. CARRIAGE

8-3. Turret CAUTION: Insure that the hydraulic pump is

The turret is mounted on a turret bearing turned on only when the engine is operating at idle
assembly (base ring and race) in the rear center speed (550-650 rpm). When the pump is in
section of the vehicle hull. The basic structure operation, the engine speed should not exceed
consists of two trunnions that support the 1,200 rpm except when the spade is being emplaced
weapons mount and a circular base that is geared or raised.
to the turret bearing through a traversing drive. Note. Raise the spade with the control handle
The turret base and trunnions mount the weapon to relieve pressure on the locks.
elevating and traversing mechanisms, the loaderand ammr asemby, te gnners satsandthe(3) Place the two spade cylinder locks (fig 8-4)and rammer assembly, the gunner's seats, and the in the UNOK position.

equipment stowage racks. The turret traversing
and weapon elevating mechanisms are equipped (4) Place the spade control lever (fig 8-5) in the
for either power or manual operation. LOWER position and increase the engine speed to

Note. The hydraulic system and other lower the spade to the ground.

components described in this chapter will be (5) Insure that the weapon tube is in the
lubricated in accordance with LO 9-2350-304-12. traveling position when the spade is being
Unit-level maintenance of the turret hydraulic emplaced.
and electrical systems is limited to cleaning,
replenishment of oil in the hydraulic reservoir, WARNING: Insure that the cradle is secured by
replacement of filters in the hydraulic system, and the travel lock (fig 8-6) before attempting to move
adjustment or replacement of electrical switches. the vehicle.

8-4. Recoil Sped. and Lockout System (6) Slowly move the vehicle backward until

a. Before the weapon is fired, the spade located the spade is emplaced firmly in the ground. Insure
at the rear of the vehicle (fig 8-2) must be lowered that the spade does not jack up the rear of the
and must be emplaced firmly in the ground to vehicle. Also insure that all road wheels conform
minimize the rearward movement of the vehicle to the contour of the ground under the tracks.
when the weapon is fired. If the spade is not
properly emplaced and appreciable movement CA UTION: Do not fire the weapon if the rear of
occurs when the weapon is fired, the spade and the vehicle is jacked up by the spade or if all the
suspension systems could be damageS. The road wheels are not on the ground. Damage to the

foilowing procedures should be used to empLace the spade and suspension systems could result.
spade and to prevent damage to the weapon: (7) After the spade has bon emplaced (fig

(1) Start the engine. Check the suspension 8-2), return the spade control lever to the neutral
lockout valve control handle (10, fig 8-3) to insure position, place the transmission shift lever in (N)
that the suspension system is in the UNLOCKED neutral, and lock the vehicle brakes.
position. (8) Lock out the suspension system by placing

CA UTION: Do not move the vehicle with the the lockout valve control handle in the LOCKED
suspension system locked. Damage could result. position.

(2) Turn on the hydraulic pump power takeoff b. The following procedures should be used to
(PO) clutch switch. raise the spade:

0 . Ko--IrG- -a ~
GOU

LEVEL/

ALL WHEELS SHOULD BE ON THE THE TOP OF THE SPADE MOLD BOARD SHOULD

GROUND AND THE LOCKOUT SYSTEM BE NO HIGHER THAN THE WHEEL HUBS AND NO
SHOULD BE ENGAGED LOWER THAN THE BOTTOM OF THE ROAD WHEELr

(

Fwge 8-2. fecoil spad emplacement.
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2 3 4 5j

II

S 12 7

POW is

1-Starter switch 8-Tachometer
2-Infrared receiver switch 9-Suspension-locked indicator light
3-Infrared blackout (IR-BO) switch 10-Suspension lockout valve control handle
4-Instrument panel switch 11 -Spedometor
5-Vehicle master switch 12-Utility outlet
6-Vehicle lights switch 13-Hydraulic pump power takeoff clutch swth
7-instrument panel light 14-Engine air box heater switch-panel

15-Driver's compartment light switch
Figure 8-3. Operator's compartment inetrument and switch panel.

(1) Start the engine and turn on the hydraulic (4) Rotate the spade control lever to the
pump power takeoff switch (fig 8-3). neutral poeition.

(2) Rotate the spade control lever to the c. Even though the spade is properly emplaced,
RAISE position so that the hydraulic cylinders the vehicle and spade have a tendency to creep
will lift the spade. rearward and to jack up the vehicle withsuccesive firings. When this occurs, the spade(3) When the spade is in the raimed position, must be reemplaced in accordance with the
lock the recoil spade cylinder locks, procedure in a(l) through (8) above.
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cylinder. The trunnions form the fulcrum for the
movement of the weapon in elevation. One end of
each of the two equilibrators is secured to the
cradle. The other end of each equilibrator is

LOCK attached to the trunnion cap on the top carriage. A
travel lock connection at the front end secures the
cradle to the hull in the traveling position. The

UNLOCK replenisher and the variable recoil cam assembly
0 are attached to the cradle-the replenisher on the

right and the variable recoil cam assembly on the
left.

(1) Purpose. The travel lock is used to support
the overhanging weight of the barrel and recoil

Figure 8-4. Recoil spade cylinder lock (shown locked), mechanism in the traveling position, thus
removing the strain from the elevating
mechanism, which would otherwise be subjected
to excessive wear.

2

Figure 8-5. Recoil spade control. Figure 8-6. Travel lock and placing it in the
traveling position.

d. The lockout systerm consists of lockout
cylinders (adjustable btiock absorbers), located on
each side of the vehicle. The lockout system (2) New travel lock. The 110A2 travel lock is
stabilizes the road wheels during firing. Lockout is newly constructed. The new travel lock is locatedaccomplished by turning a control valve on the near the front of the cradle on the under side (figswitch panel in thedriver's compartment. Turning 8-6) and it consists of the long support which isthis control valve directs oil pressure to the lockout used for travel. The short support is for shippingcyins. co tl valso causets ahydrul pressure toonly. A lift latch is used to allow the control handlecylinders. It also causes a hydraulic pressure to be pushed either forward or to the rear so that "
switch to turn on the lockout indicator lights, one toe pse ite wath the reasoh
of which is located on the switch panel in the the support will mate with the hull recess.
driver's compartment and the other on the left (2) Placing the travel lock in the stowed
trunnion wall. position.

Note. The lockout system should be exercised at (a) Release the travel lock control handle
least once each week. (fig 8-6) by lifting latch and pushing forward.
8 5. Cradle, Travel Lock, and Retracting (b) Manually elevate the tube and guide the i

Control Valve Handle travel lock support out of the recesses.

a. Cradle. The cradle is mounted on the (c) Lift the travel lock upward until it
trunnion bearings of the top carriage. It houses the engages the catch on the lower surface of the
recoil, co'nterrecoil, and recuperator cylinders; cradle. The travel lock is now in the stowed, or -
and attached to the cradle is the replenisher firing, position.
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(3) Placing the travel lock in the traveling being moved out of battery or when the
position. self-propelled weapon is moved and the tube

(a) Push support stow catch handle inward automatically elevates because of the sudden
allowing long support to drop down into a vertical change of the tube pivot point.

position. 8-6. Electrical and Hydraulic Systems
(b) Use manual elevating handcrank and a. Electrical system. The vehicle is equipped

depress gun mount, meanwhile guiding support with a 24-volt electrical system consisting of four
into mating hull recess. 12-volt storage batteries; a 300-amp generator, a(c) Ift latch and pull travel lock control voltage regulator; a master relay; and

miscellaneous relays, circuit breakers, switches,
handle to secure support to hull. Secure handle in indicators, gages, sending units, and connecting
locked position with latch. wires and cables. An auxiliary power receptacle

Note. There is no adjustment of the new travel located in the fender on the left side of the hull
lock. provides a means of supplying electric power to or

b. Retracting control valve handle. The heavy receiving electric power from another vehicle if
cannon tube is moved hydraulically in and out of r ired.
battery by means of the retracting control valve
handle (fig 8-7) located on the right rear of the Note. When using external power (slaving) to
cradle. The cannon tube should never be moved out start a vehicle, keep the master switch of the
of or into battery position by means of this vehicle requiring external power in the OFF
retracting control valve handle unless the cradle is position until after the engine has started. This
secured to the deck of the weapon by the travel lock prevents damage to the voltage regulator and
(fig 8-6). Additional information on this handle rectifier of the slave vehicle.
and how it is used with the recoil mechanism is b. Hydraulic system. The hydraulic system
given in paragraph 8-9e. supplies hydraulic power to operate various

WARNING: The travel lock must be in the vehicle components (fig 8-8). Hydraulic oil
traveling position (secured to the hull) whenever pressure is provided by an electric motor-driven
the retracting control valve handle is used to move hydraulic pump, an engine-driven pump, or a
the tube into or out of battery, whenever the hand-operated pump. The oil pressure is stabilized
self-propelled weapon is to be moved, or whenever by an accumulator and is directed through lines
a crew member is required to descend into the and control valves to the suspension lockout
turret well. Otherwise, serious injury to personnel cylinders, spade cylinders, turret traversing
or damage to materiel may occur when the tube is system, cannon elevating system, loader and

rammer mechanism, and recoil mechanism. A
27-gallon tank housed in the right trunnion wall
provides a reservoir for the system oil supply.S(1) Electric-motor-driven hydraulic pump.
The electric-motor-driven hydraulic pump is
mounted on the right side of the deck of the turret,
over the hydraulic fluid reservoir. It includes a
rotary pump, a direct current motor, and an

adapter. The motor receives power from the four
12-volt storage batteries (hooked up in series
parallel as the vehicle electrical supply system)and drives the pump. The pump, commonly
referred to as the main pump, extends into the

R, -,,, -reservoir and is the primary source of providing
' L the hydraulic presure. The pump forces oil from

the reservoir into the accumulator against the
floating piston and causes the floating piston to
move against the nitrogen gas pressure in theaccumulator, thereby providing a source of stored
enery within the limits of the prsure oswitche in
the system. The switch for this pump is on the left

trunnion wall.
(2) Ehaine-driven pump. The engine-driven

pum, commonly refen to as the power takeoff
M pump, is mounted at the front of the turret

Piure 8-7. Retracting control valve handle. well. Itis driven by the vehicle engine through the
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Figure 8-8. Hydraulic pressure system.

auxiliary drive. It is the secondary source of when the pirton bumps the end of the accumulator
providing hydraulic pressure. The control switch all of the hydraulic fluid will have been returned to
for this pump is located on the instrument panel the reservoir.
(13, fig 8-3). (c) Close the accumulator dumping valve

(3) Hand-operated pump. The hydraulic when all of the hydraulic fluid has returned to the
hand-operated pump is located on a bracket at the reservoir.
right side of the turret. Manual operation of this (d) Check the level of the hydraulic fluid in
pump will pump oil from the reservoir into the the reservoir. If the level of the fluid is below the
accumulator, thereby supplying pressurized fluid ADD mark on the dipstick, add sufficient fluid to
to the hydraulic system. bring the level up to the FULL mark. If the level of

c. Hydraulic fluid check. The hydraulic system the fluid is above the FULL mark, drain the excess
must be checked to insure that sufficient hydraulic fluid until the level drops to the FULL mark. If the
fluid and the correct quantity of nitrogen gas are fluid level is between the ADD and FULL mark,
present in the system for operation. The hydraulic the system is operational.
fluid is checked daily and before operation by the
cannon crew. The nitrogen gas, the pressure (e) If the checks described in (2) below are to
limiting switch, and the high-pressure relief valve be performed by organizational maintenance
are checked during periodic maintenance service personnel at this time, leave the master switch and
by organizational maintenance personnel. the main oil pump switch off. ifthe checks are not
Normally, the cannon crew will make the to be performed at this time, turn on the master
inspections and checks in (1) and the switch and the main oil pump switch to recharge
organizational maintenance personnel will make the system.
the inspections and checks in (2). Note. If batteries are weak, start the engine

(1) Hydraulic fluid check. and place PTO pump switch to "ON" to rechargethe system.
(a) Place the recoil spade in the

raised-and-locked position, the tube in-battery (2) Prsure limiting switch, high-pressure
and in travel lock, the loader-rammer in travel relief valve, and nitrogen gas (zero) presm)
position and all switches off. checks. After the fluid checks in (1) above have

(b) Open the accumulator dumping valve been performed and while the system
slowly to allow the hydraulic fluid to flow back into depressurizes, actuate the rammer controls to
the reservoir. The nitrogen gas will force the release residual pressure that may be in the (
floating piston to the end of the accumulator, and system. Then proceed as follows:
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(a) Remove the plug from the test station on (d) Operate the system and note the f
the loader and rammer control valve and install pressure at which the electric-motor-driven
the pressure gage. hydraulic pump automatically turns on. The pump

should turn on at 1,600 psi.
(b) Repressurize the system by turning the (e) Turn off the master switch, open the

master switch and electric-motor-driven accumulator dumping valve, and observe the
hydraulic pump switch on and observe the pressure at which the pressure gage needlepressure reading at which the electric-motor- suddenly drops to zero. The needle should drop to
driven hydraulic pump shuts off. The pump should zero when the gage reads between 1,100 and 1,330
shut off at 2,400 psi. psi.

(c) Depress the override switch to reengage (f) If the needle drops to zero when the gage
the electric-motor-driven hydraulic pump and reads between 1,100 and 1,330 psi, remove the
observe the gage to determine the pressure at pressure gage, replace the plug, and turn on the
which the high-pessure relief valve opens. The master switch and the electric-motor-driven
valve should open at 2,850 psi, -150 psi. hydraulic pump switch for normal operation.

Section Ill. RECOIL

8-7. Recoil Mechanism 8-8. Purpose of the Recoil Mechanism

The recoil mechanism employed on the 8-inch The purpose of the recoil mechanism is-
howitzer, self-propelled, is of the hydropneumatic, a. To stop the recoiling parts. The recoil portion
variable, independent type. An explanation of the of the recoil mechanism must absorb and control
nomenclature follows: the rearward thrust of the weapon when fired

without displacement of the carriage or excessive
a. Hydro. Hydro means that a liquid is used, and shock when the weapon is fired.

this liquid is recoil oil. The recoil oil used in the b. To return the recoiling parts. The recoil
recoil mechanism is one of three petroleum-based mechanism causes the recoiling parts to return to
hydraulic fluids now in the supply system. The the in-battery position.
hydraulic fluids are commonly known as recoil oil
OHT, OHA, or OHC. Because OHT provides more c. To prevent shock. The tube must be stopped in
protection against corrosion, it is the preferred oil. recoil and the recoiling parts must be returned to
The mixing of these oils is not recommended the in-battery position without excessive shock.
because this would tend to dilute the additives of d. To hold the recoiling parts. The tube and
one oil not contained in the other. A recoil other recoiling parts must be held in the in-battery
mechanism containing a mixture of these oils position at all angles of elevation.
should be drained and refilled with the preferred
OHT as soon as it becomes available. All three oils
are red in color and have an operational 8-9. Components of the Recoil Mechanism
temperature range from -650 to 1500 F. The recoil mechanism (fig 8-9) is mounted in the

cradle. It is composed essentially of a recoil
b. Pneumatic. Pneumatic means that a gas is cylinder, a counterrecoil cylinder, a recuperatorused. The gas is nitrogen, which is a relatively cylinder, a replenisher cylinder, a retracting

inactive gas that will not corrode metal. control valve, a relief valve, and interconnecting
tubing. The hydraulic oil for the recoil mechanism

c. Variable. Variable means that there is a is supplied by the vehicle hydraulic system.
mechanical way of varying the length of recoil.

* This prevents the breech mechanism from striking large cylinder located beneath the tube. It houses
the turret deck when the weapon is fired at high
angles of elevation. Under normal operating the recoil pistonhead, which contains two ports, or
conditions, the maximum length of recoil can vary openings, to permit the free passage of recoil oil.
from 32 inches to 701/ inches. The recoil piston is mounted on the recoil piston

rod, which extends through the recoil cylinder and
d. Independent. Independent means that there is connected to the lower lug on the breech ring.

is no liquid passage between the recoil cylinder When the weapon is fired, the piston and pistonand the counterrecoil or recuprator cylinders rod travel rearward with the tube during recoil.during normalrecoil operation. The piston and piston rod are drilled
concentrically to provide a bore in which the recoil

6-7

. .. .. . . . .. . . .. .. .. . . . . . . .. .. I [



throttling rod functions during the recoil b. Replenisher. The replenisher is a small
movement. cylinder located on the right front side of the

(1) A rotatable throttling rod is located within cradle. It is connected to the recoil cylinder by a
the piston rod and is attached to the packing head metal tube. The replenisher contains the oil
at the front end of the recoil cylinder. The reserve for the recoil cylinder. The oil reserve and
throttling rod has two long and two short grooves the oil in the recoil cylinder are held under
of varying depth cut lengthwise in its surface. constant pressure by an oiltight, spring-loaded
Recoil oil must flow through the grooves in the piston. The purpose of the replenisher is to
throttling rod in order to pass from one side of the maintain the proper amount of recoil oil in the
recoil piston to the other. At least two of the four recoil cylinder at all times. It compensates for the
grooves must be alined with the two ports in the contraction and expansion of oil due to
recoil piston in order to permit the flow of oil. temperature changes and changes in cylinder

volume during recoil and counterrecoil. The
(2) A buffer rod and a buffer chamber are operating position of the piston is automatically

located within the recoil cylinder. The rear end of controlled by the use of a pressure relief valve.
the throttling rod is smaller in diameter than the
remainder of the rod and is provided with a c. Counterrecoil cylinder. The counterrecoil
throttling groove to form a spearhead buffer. The cylinder is the smallest of the three long cylinders.
bore of the recoil piston rod is also smaller in It contains a piston rod, a piston head, and recoil
diameter at the rear and forms a buffer chamber. oil. The counterrecoil piston rod is connected to the
Near the end of the counterrecoil movement, the lug on the breech ring and travels rearward with
spearhead buffer enters the chamber at the end of the tube during recoil. The pistonhead is fitted
the recoil piston rod. The oil trapped in the buffer with an oiltight packing arrangement. When the
chamber escapes through the throttling groove pistonhead is drawn rearward, it forces the recoil
and in doing so cushions the final movement of the oil in the counterrecoil cylinder toward the rear,
tube as it returns to the in-battery position. through an oil passage in the counterrecoil and

ROTATABLE THROTTLING GROOVES
REPLENISHER THROTTLING ROD RECOIL CYLINDER ITWO LONG. TWO SHORT)

GEAR SECTOR

COUNTERRECOIL CYLINDER

35- PSI ... , r,
RELIEF RECUPERATOR NORMAL AND HOLD INDEX
VALVE J A

SCONTROL VALVE

1 RETURN SUPPLY ( E304I3

Figure 8-9. Components of the recoil mechanism. C
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recuperator cylinder head box, and into the ports in the recoil piston and through the
recuperator. The counterrecoil respirator in the throttling grooves to the forward side of the piston.
front end of the counterrecoil cylinder is equipped As the oil passes through the tapered throttling
with a spring-loaded ball check valve. Its purpose grooves, the flow of oil is gradually reduced and
is to release air and any oil which may have seeped finally stopped. This throttling action absorbs the
past the pistonhead from in front of the greatest portion of the recoil energy.
counterrecoil pistonhead when the pistonhead is b. Counterrecoil and recuperator cylinders.
moved forward during counterrecoil. When the weapon is fired, the counterrecoil piston,

d. Recuperator cylinder. The recuperator being connected to the breech ring, moves
cylinder contains recoil oil, nitrogen gas, a rearward with the tube. The oil in the counterrecoil
floating piston, and the counterrecoil regulator cylinder is forced through an oil passage and into
assembly. The floating piston provides a movable the recuperator regulator valve assembly by the
oiltight and gastight seal. The piston moves counterrecoil pistonhead. The flow of oil under
forward during recoil and rearward during pressure opens a spring-loaded valve in the
counterrecoil. The counterrecoil regulator valve regulator valve assembly, permitting a free flow of
assembly is housed in the rear end of the oil against the floating piston. The floating piston,
recuperator cylinder. The valve assembly permits by moving forward, compresses the nitrogen gas.
a free flow of oil from the counterrecoil cylinder Thus, the throttling of oil in the recoil cylinder, the
during recoil but regulates the flow of oil back into greatest compression of the nitrogen gas in the
the counterrecoil cylinder during counterrecoil. A recuperator cylinder, and the friction of moving
recuperator oil index is located at the rear end of parts stop the tube in recoil.
the recuperator cylinder. This oil index indicates
the presence of an oil reserve, which is necessary 8-11. Counterrecoil Cycle
for the proper functioning of the recoil mechanism. a. Counterrecoil and recuperator cylinders.
When no oil reserve is present, the rear end of the
floating piston presses on an oil index actuating (1) When the tube has fully recoiled and the
rod, which actuates a gear, and the gear in turn force of recoil has been overcome, the flow of recoil
moves the oil index. This action withdraws the oil is stopped and the spring-loaded regulator
rear end of the oil index into the outside face of the valve in the regulator assembly closes itself. The
recuperator cylinder head. The weapon should not head of the regulator valve has two small
be fired or elevated when the oil index has been openings, which are about 1/16 inch in diameter
withdrawn into the recuperator cylinder head, and permit a controlled flow of recoil oil back
since no reserve is present. through the regulator assembly and into the

e. Retracting control valve. A three-position counterrecoil cylinder.

(RETRACT, NORMAL AND HOLD, and (2) Since the floating piston is free to move,
RETURN) detent valve (fig 8-7), located at the the energy stored in the compressed nitrogen gas
right rear of the cradle, actuates the recoil cylinder reacts to displace the floating piston to its normal
to retract the weapon tube into travel position and in-battery position. As the floating piston moves
to connect the replenisher cylinder to the recoil toward its in-battery position, it displaces the oil
cylinder during firing. Placing the retracting from the recuperator cylinder through two small
control valve handle in the RETRACT position openings in the regulator valve into the
actuates the recoil cylinder to retract the cannon counterrecoil cylinder. The oil exerts pressure on
tube into the travel position. Placing the retracting the rear of the counterrecoil pistonhead, moving
control valve handle in the RETURN position the counterrecoil piston to the forward position
returns the cannon tube to battery and charges the and thereby pulling the tube to the in-battery
recuperator cylinder. Placing the retracting position.
control valve handle in the NORMAL AND HOLD b. Recoil cylinder. As the counterrecoil piston
position holds the cannon tube in the traveling or rod pulls the tube into battery, the recoil oil in front
firing position. of the recoil piston flows through two ports in the

WARNING: The retracting control valve piston and the exposed throttling grooves in the
handle should not be operated unless the travel recoil throttling rod. Little throttling action is
lock is engaged in the traveling position (fig 8-7). performed at this time in the recoil cylinder as

compared to that performed in the recuperator
8-10. Recoil Cycle cylinder, however, as the tube nears the in-battery

a. Recoil cylinder. When the weapon is fired, the position, it is slowed down and eased into battery
tube recoils on the recoil slides attached to the by the spearhead buffer. The oil trapped in the
cradle. Since the recoil piston rod is connected to a buffer chamber must escape through the
lug on the bottom of the breech ring, it is drawn to centrally-bored rotatable throttling rod. Thus, the( the rear with the tube. As the recoil piston is drawn final movement of the tube is cushioned as it
to the rear, the oil in its path is forced through two returns to battery.
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a- 12. Variable Recoil Cam Assembly (2) Check whether the recoil and counterrecoil

a. The variable recoil cam assembly governs the piston rod nuts are in position and held with cotter
rotation of the throttling rod in the recoil pito pins. Tighten the nuts, if necessary, and replace
rod. An arc gear sector mounted on the forward the cotter pins.
end of the throttling rod is meshed with a similar (3) Exercise the weapon by placing the
gear sector mounted on the end of the variable retracting control valve in RETRACT until the
recoil cam assembly. The tubular cam is machined weapon moves out of battery approximately 54
with a spiral, or S-shaped, slot. A cam pin inches. Place the retracting control valve in
mounted on the camshaft rides in the spiral slot. RETURN and recharge the recuperator cylinder
The shaft is connected to the top carriage by the as described in b below.
variable recoil connecting rod. As the tube is (4) When the weapon is fired, see that the air
elevated or depressed, the connecting rod moves check valve in the counterrecoil front head is
the shaft either forward or rearward, and, as it functioning properly and allowing the air trapped
reaches certain positions, it causes the cam pin on in the cylinder to escape. If the air check valve is
the shaft to turn the cam and its gear sector, which not functioning properly, notify organizational
in turn rotates the gear sector on the rotatable maintenance personnel.
throttling rod located in the recoil cylinder, b.eupaorilndxThrcprtrol
thereby determining the length of recoil.b.RcprtrolidxThreurarol

index, located under the cannon at the rear of the
b. As the tube is moved in elevation, the recuperator cylinder (fig 8-10) indicates the oil

connecting rod of the variable assembly PUlls the reserve in the recuperator. If the oil index
camshaft to the rear. This, in turn, pulls the cam protrudes beyond the face of the recuperator, it is
pin straight to the rear in the groove of the cam. good. The procedure for reestablishing the oil
For the first 178 mils (approximately) of elevation, reserve for howitzer Ml10OA2 is as follows:
the cam pin does not rotate the cam, thereby (1) Place the tube in the in-battery position.
allowing the weapon to recoil to the maximum(2PlcthPTcuchsihinheO
length of 701/ inches. At elevation of 178 mils to2 lc heF0cuc wic nteO
480 mils (approximately), the cam pin rides in the position with the engine running. Activate
curved portion of the spiral slot and rotates the OVERRIDE position on the main oil pump switch
cam. This rotation, in turn, rotates the throttling to build-up the system to maximum pressure
rod within the recoil piston rod, and the two long (,0 s)
grooves are moved partially out of line with the (3) Place the retracting control valve handle
ports in the piston. This motion decreases the in RETRACT position until the index pin on the
length of the oil passages and, hence, shortens the recuperator moves in, then place the retracting
length of recoil to less than 70 / inches. At control handle in the NORMAL AND HOLD
elevations above 480 mise, the two long grooves are position. (Omit this step when the pin is in.)
completely out of line with the ports in the piston; ()Rmv h lgfo h elnse n
therefore, at elevations between 480 mils and 1,5 inse) amclea improvisedfrod thrugh ther pnn
mils, the maximum length of recoil can be only 32 inseth repleaniheroi anodinsth the onngh
inches because a greater throttling action is interpnsh adgistheito.Nete
caused in the shorter grooves. As the tube is depth of the piston.
depressed, the opposite action occurs and the (5) Assistant gunner will hold retracting
length of recoil is increased up to a maximum of control valve handle in return. After index pin has
702 inches at 178 mils or lower elevation, moved out, continue to hold handle in return for 3

seconds. If index pin does not come out, see note.
Note. A recoil indicator attached to the right Note. If pin fails to move out, activate the

side of the cradle indicates the length of recoil. override switch and repeat.

8- 1. Mintnanc oftheRecol Mchaism(6) Return the retracting control valve handle

8a1. G aenea fte eolMehns to NORMAL AND HOLD position.

(1) xamne te rcoilmecanis fo genral(7) Release the oil pump motor switch from the

condition and for loose or damaged parts. OERD oiin

Examine the condition of the rail wipers; they (8) If the index pin does not move, notify
must be in good condition to prevent dust or sand oraitonlmneacepsne.
from entering the slides of the recoil mechanism. oraitonlmneacepsne.
Notify organizational maintenance personnel if (9) Check the piston movement in the
replacement in required. Check for dirt or rust on replenisher by noticing the position of the
the slides. Remove rust; clean and lubricate improvised rod. If the rod has moved during step (
surfaces. (5), the replenisher is operating normally.
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Figure 8-10. Recuperator oil index.

(10) Remove the rod and replace the plug in means of leverage applied from the trunnion caps
the replenisher, to the cradle.

CA UTION: Under no circumstances shall the (3) Elevation of the tube causes the plunger
index pin be tapped to insure that the index is and the case to telescope. This lengthens the
operating freely. If the index pin fails to project interior pressure area and thereby reduces the
beyond the face at the housing after following the pressure, since the maximum lift is required only
above procedures, notify support maintenance at the lower angles of elevation.
personnel. If there is excessive leakage, notify (4) The equilibrators are interchangeable if
organizational maintenance personnel. This modified by an index line cut on both sides of the
procedure applies to the M11A2 (fig 8-10). case head. If they are not modified, a plate must be

fastened to the equilibrator to indicate which is the
left and which is the right.

8-14. Equilibrators Note. Temperature adjustment scales (00 to
a. Purpose. The purpose of the equilibrators is to 1100) are located on both trunnion bearing caps

compensate for the rear-mounted trunnions by (fig 8-12). The scales indicate the approximate
making the tube as easy to elevate as it is to position of the equilibrators for the prevailing
depress. temperature. The temperature adjustment scale

b. Type. The equilibrators are of the pneumatic can be read accurately only when the tube is on the
lifter type. depression stops.

c. Construction. One equilibrator is located on e. Equilibrator adjustment procedure.
each side of the tube; each consists of two (1) Inspect the temperature scale. to insure
telescoping cylinders. The front end of each that both sides are reading the same.
equilibrator is connected to the upper front part of (2) Using manual controls, unlock the travel
the cradle; the rear end is connected to the lock.
adjusting screw mounted in the trunnion cap.
Each equilibrator consists of a filling valve, a (3) Elevate the tube to 560 mils.
plunger and plunger head assembly, a case with (4) Elevate and depress the tube manually to
two gland assemblies, and a plunger cover, see if it's as easy to elevate as it is to depress.

d. Functioning. (5) If an adjustment is required, lower thetube
(1) The equilibrators are designed so that to the depression stope.

compressed gas works against the plunger head (6) Turn the adjusting screw clockwise to
and the case gland. This gas pressure sets up make the tube easier to elevate and
tension which causes the opposite ends of the counterclockwise to make it easier to depress.
cylinders to be drawn together. (7) Adjust both equilibrators equally in

(2) The action of the equilibrators 1A-turn increments; then repeat steps (3) and (4) to
compensates for the muzzle preponderance by insure the adjustment is correct

8-11
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Figure 8-11. Checking replenisher.

moved in traverse or elevation; repeated activation
of the switches without moving the control
handles, and thus the tube, causes excessive

ADJUSTING pressure in the drive motor assembly. This
excessive pressure forces the seal inside the driveSCREW motor assembly away from its seat, which permits

SCALE the hydraulic oil to leak from the traversing or
elevating gear housing.

b. MWO 9-2300-216-30/19, dated 5 August
1969, authorized installation of the improved
elevating and traversing control handle
assemblies; therefore, all M11OA2s should be
equipped with the squeeze-type switches.

8-16. Traverse

The type of traverse is base ring and race.
Bearings between the ring and race provide ease of
movement.

14DE | X a. On-carriage traverse. The total amount of
on-carriage traverse is 1,066 mils--533 mils right
and 533 mile left from the center of traverse.

Figure 8-12. Temperature and adjustment scale. b. Limiting feature. Position stops attached to
the base ring limit the amount the weapon can be
traversed.

8-15. Travesing and Elevating Controls 8-17. Traversing Mechanism
a. The traversing and elevating mechanisms on

M1lOA2 are activated by squeezing an a. Purpose. Thetraversingmcchanismcontrols
actuator-type switch on the control handles (fig the movement of the weapon in azimuth.
8-13). With either model, the switches should be b. Type. The traversing mechanism is of the
depressed (squeezed) only when the tube is to be hydraulic power type with manual backup.
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POWER TRAVER POVER ELEVATING POWER ELEVATING

ItI ACTUATOR

a. Squeeze actuator, move handle forward b. Squeeze actuator, move handle rearward
for traversing to right, rearward for tray- to elevate cannon, forward to depress
ersing to left. Power elevating same as b. cannon.

c. Turn hand crank (forward of left gunner's d. Turn hand crank (forward of right gun-
seat) clockwise to traverse cannon to right ner's seat) clockwise to depress cannon.
and counterclockwise to traverse cannon Turn counterclockwise to elevate cannon
to left.

e. CAUTION: Never operate the manual
controls when the power elevating or
traversing systems are being used.

Figure 8-13. Turret traversing and cannon elevating control handles.
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C. Flow of power. The traversing solenoid valve located on the aide of the right trunnion, thereby
provides electrical control of the traversing sending pressurized hydraulic oil to the elevating
hydraulic system. Squeezing the actuator (fig control valve and releasing the elevating motor
8-13) energizes the traversing solenoid valve brake. Moving the elevation control handle
located on the left side of the turret, thereby actuates the elevating control valve, which directs
sending pressurized hydraulic oil to the traversing pressurized oil to the elevating motor and causes
control valve and releasing the traversing motor the weapon to be elevated or depressed, depending
brake. Moving the traversing control handle upon the position of the handle.
actuates the traversing control valve, which d. Power elevating operation. The tube is
directs pressurized oil to the traversing motor and elevated (depressed) by power in the following
causes the weapon to be traversed either to the left mne
or right, depending upon the position of the manr
handle. (1) Squeeze the actuator (or depress the trigger

d. Power traversing operation. The weapon is switch) to release the elevating motor brake.
traversed by power in the following manner: (2) With the actuator squeezed (or trigger

(1) Place master switch in "ON" position, switch depressed), pull the control handle
Place main oil pump switch to "ON" position. rearward to elevate the tube. (Move the control

(2) Squeeze the actuator (or depress the trigger forward to depress the tube.)
switch) to release the traversing motor brake. (3) Return the elevation control handle to the

(3) iththeactutorsqueze (orthetriger neutral position and then release the actuator

switch depressed), traverse the tube to the desired (tigrstc)
direction. Push the traverse control forward to CAUTION: Do not release the actuator (or
traverse to the right; pull the control to the rear to trigger switch) until you have returned the
traverse to the left. elevation control handle to the neutral position.

Releasing the actuator (trigger switch) before
.(4) Return the traverse control to the neutral returning the elevation control handle to the

position and then release the actuator (trigger neutral position may result in damage to the
switch). elevating mechanism.

CAUTION- Do not release the actuator (or e. Manual elevating operation. The manual
trigger switch) until you have returned the control elevating system (fig 8-13) is intended solely as a
handle to the neutral position. Releasing the backup for the power system in case of power
actuator (trigger switch) before returning the failure. It is also used when the travel lock of the
control handle to the neutral position may result in weapon is being engaged or disengaged. The
damage to the traversing mechanism. manual elevating control (fig 8-13) is located

e. Manual traversing operation. The manual forward of the right gunner's seat. To elevate the
traversing system (fig 8-13) is intended solely as a weapon, turn the handcrank counterclockwise.
backup for the power system in case of power CAUTION. Never attempt to operate the
failure. To manually traverse the tube to the right manual controls when the power elevation system
(left), turn the handcrank clockwise (counter- is being used; conversely, never operate the power
clockwise), control when the manual system is being used.

CAUTION- Do not operate the manual control 8-19. Lode and Rammer
when using the power traversing system;
conversely, do not operate the power traversing a. General. A hydraulically operated
controls when using the manual system. combination loader and rammer (fig 8-14 and
Simultaneous operation will damage the slip 8-15) is provided to pick up a projectile from the
clutch, rear or left side of the vehicle, place in position for

ramming, and ram it into the chamber of the8-18. Elevating Mechanism cannon. Hydraulic power for operation is obtained
a. Type. The elevating mechanism is of the ar from the vehicle hydraulic system and i.

and pinion type. It permits elevation of tube to controlled by a three-valve loader and rammer
+1,156 mils. power control. The loader and rammer consists

b. Limiting feature. The limits of elevation are lostadr arm a cylinderslander a ammert an a
governed by stops; one is located at the end of the lae r n yidradarme hi n
elevating arc and the other is attached to the hull. cylinder. The swing cylinder attached to the

support arms swings the loader and rammer into
C. Flow of power. The elevating solenoid valve position for the loading and ramming operation.

provides electrical control of the elevating Two hydraulic lift cylinders attached to the loader
hydraulic system. Squeezing the actuator (fig arm raise and lower the projectile onto the
8-13) energizes the elevating solenoid valve rammer. A slide trough (fig 8-16) serves as an
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extension of the projectile loading tray to support (3) The loader control valve handle operates a
the projectile between the loader and the cannon valve which actuates hydraulic cylinders to load
breech. It also serves as a tray for loading the the projectile onto the loader and rammer
powder bag. The rammer chain is actuated by a assembly.
hydraulic cylinder with integral gear rack through
a gear train and drive sprocket. The rammer chain (4) The rammer control valve handle operatee
consists of a headlink and pad and a semirigid a valve which actuates a hydraulic cylinder. The
roller chain. Handcranks are provided for rammer hydraulic cylinder, in turn, operates the ramming
adjustment or removal of the rammer chain for chain, which rams the projectile into the chamber
maintenance. of the weapon.

(5) The rammer manual control handcranks
mount on the ends of the rammer-head shaft for

b. Loader and rammer controls. emergency operation if the hydraulic system fails.
They are stowed in a bracket to the right of the

(1) The loader and rammer control valve rammer housing.
handles (fig 8-16) are located on the rammer CAUTION: Under no circumstances should an
controls manifold, which in turn is secured to a attempt be made to ram a projectile into the tube
bracket on the left trunnion support. Each handle until a visual inspection has been made to insure
operates a spring-loaded valve which returns the that the rammer piston rod rack is in its fully
handle to its neutral position when the handle is retracted position as shown in step 5, figure 8-17.
released. The loader rammer assembly must be placed in the

RAM position to make this visual inspection. If the
(2) The swing control valve handle operates a rammer piston rod rack is not in its fully retracted

valve which actuates the swing cylinder to move position as shown in step 5, the rammer must be
the loader and rammer assembly into position for timed. To time the rammer, follow steps 1 through
the loading and ramming operation. 5 as described and illustrated in figure 8-17.

SWING CYLINDER AR

/ LOADER AND PAMMER/

ASSEMBLY

PROJECTILE

L 'G
L LIFT CYLINDERS

Lk AT 1141

Figure 8-14. Loader and rammer, with proitctile in load position.
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Figure 8-15. Loader and rammer, with projectile in slide trough.
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Step 1. Insert handdrank in right-hand rammer Step 2. Release rammer chain head latch after
chain drive sprocket shaft. inserting crank on right side.

Step 3. Crank chain out approximately 3 feet as Step 4. Retract chain using hydraulic control. If
illustrated. Remove hand crank. the chain does not retract far enough to

engage head latch, reinsert hand crank
and wind up excess chain until head latch
engages.

Step 5. As a final check, look through the hole onI left side of loader-rammer. The hydraulic
actuating cylinder rod should be fully
retracted when the head latch is in its fully
retracted and locked position. If cylinder
rod, rod rack, and cylinder are not posi-
tioned as shown, repeat operation.

CYLI NDER

Figure 8-17. Timing the loader and rammer.
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c. Loading and ramming the projectile. Make sure the ram position lock is disengaged
(1) Position the tube at the loading elevation before operating rammer.

by alining the elevation indicator arm with the (14) Stand forward of the swing cylinder and
index on the trunnion bearing cap. inboard of the rammer stop. Operate the swing

Note. The loading elevation for each weapon control valve handle toward the left side of the
must be determined by the using unit in vehicle and hold it in that position until the
accordance with TM 9-2350-304-10. rammer stop arm comes to rest against the

rammer stop. The rammer is now in the stowed(2) Depress the breechblock operating lever position.
catch and pull the operating lever rearward and
downward. Swing the operating lever to the right Note. The stowed position lock should be
to open the breechblock. engaged.

(3) Remove the lifting tray from the loader (15) Close the breech by pulling the
rammer assembly, release the stow position lock breechblock operating lever toward the breech;
and position it for usein transporting theprojectile then push it to the vertical position.
from the loading area to the rear or left side of the d. Marking the rammer chain.
vehicle. The loader and rammer assembly is now
ready(1) Attach a measuring devie, such as

(4) Move the swing control valve handle (fig measuring tape, to the rammer head.

8-16) toward the right side of the vehicle and hold (2) Manually crank out the rammer chain
it in that position until the loader and rammer until there are 43.25 inches of chain extended from
assembly is in the loading position. Loading may the face of the rammer head to the rear face of the
be accomplished from either the left or rear of the breech ring.
vehicle. (3) At that point on the rammer chain directly

(5) Move the loader control valve handle (fig opposite the rear face of the breech ring, paint the
8-16) to the OUT position and hold it in that chain link on the rammer chain white.
position until the lifting arm is fully extended. (4) Continue to manually crank out the

(6) Secure the loaded lifting tray to the lifting rammer chain until there are 46.13 inches of chain
arm. extended from the face of the rammer head to the

rear face of the breech ring.
(7) Move the loader control valve handle to the

IN position and hold it in that position until the (5) At that point on the ramme chain directly
tray and arm are fully seated in the ramming opposite the rear face of the breech ring, paint thechain link on the rammer chain a color other thanposition on the loader rammer assembly. white.

(8) Move the swing control valve handle
toward the right side of the vehicle and hold it in e. Manual operation. Rammingis accomplished
that position until the loader and rammer manually by sufficient personnel assembling the
assembly stops in the RAM position. On the cleaning staff section and operating theM10A2 make sure ram position lock is engaged, assembled staff sections to load the projectile into

the powder chamber and the forcing cone of the
(9) Slide the trough forward and engage the tube. The projectile must be rammed with

left trough handle in the notch of the trough lock. sufficient force to insure that the rotating band
The rammer will not operate if the handle is not in seats in the forcing cone and seals the front end of
the notch. The operator must insure that the the powder chamber (forward obturation).
projectile releases the headlink latch before the
rammer control valve handle is placed in the RAM f. Maintenance and inspection.
position (fig 8-17). (1) Position the weapon at the elevation for

(10) Move the rammer control valve handle loading (approximately 150 mils) and open the
toward the right side of the vehicle and hold it in breechblock.
that position until the rammer chain stops and the (2) Move the loader and rammer assembly
projectile is rammed all the way "home" (f below). into the ramming position and move the loading

(11) Move the rammer control valve handle trough forward into the breech chamber.
toward the left sideof the vehicle and hold itin that (3) Manually extend the rammer chain by
position until the rammer chain is fully retracted. means of the handcrank on the right side.

(12) Load the propelling charge by hand only; (4) Inspect the pad on the headlink and
do not use the hydraulic rammer. replace it if it is damaged.

(13) Disengage the left trough handle from the (5) Inspect all cotter pins on both sides of the
locking notch and slide the trough to the rear. chain and replace any that are damaged.
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(6) Inspect the loading trays and replace any g. Depth of ram. Check the depth of the ram on
damaged trays. the MIl0 series.

(7) Inspect the loading arm for bent or
damaged members; if any member is bent or
damaged, iotify organizational maintenance (1) When ramming the M106, M404, or M426,
personnel. a proper depth of ram will be achieved when the

white chain link is directly opposite the rear face of
(8) Check for loose or missing bolts and the breech ring (43.25 inches from front rammer

tighten or replace as necessary. head).
(9) Inspect hydraulic connections and

cylinders for leakage. If any leakage is found,
notify organizational maintenance personnel. On (2) For M422A1 and M424A1, the red chain
the MI1OA2 stowed and ram position handle link is directly opposite the rear face of the breech
should be checked for cracks. ring (46.13 inches from front of rammer head).

Section IV. BARREL AND BREECH ASSEMBLIES

8-20. Br ol Assembly (4) The centering slope is the tapered portion
forward of the powder chamber, designed to centerThe principal paand of the barrel assembly are the projectile in the bore during the loadingthe tube and the breech ring, operation.

a. Construction. The tube is made of the highest (5) The forcing cone is the tapered portion of
quality steel alloy. Bearings for support and the rifling at the rear of the bore. It allows the
alinement in the mount are provided by rotating band of the projectile to be gradually
longitudinal rails attached to three hoops, shrunk engaged by the rifling.
on the tube. The rear half ofthe breech ringis lined
with a breech ring bushing to accommodate a (6) The main bore is the entire rifled portion of
stepped-thread, interrupted-screw type of the tube.
breechblck. (7) The counterbore is that portion of the

b. Exterior components. The exterior muzzleendofthetubefromwhichthelandshave
components are the integral and permanently been removed to increase the diameter of the tube
affixed exterior features of the banel assembly. and thus decrease stress from firing.
Three short cylinders, or hoops, are shrunk onto
the outside of the tube to provide additional d. Characteristics. The characteristics of the
strength and a means for attaching the weapons are as follows:
longitudinal recoil slides and bearing strips. An M11OA2
extension on the underside of the breech ring
forms a recoil lug which is used to connect the (1) Caliber 8 inches
recoil mechanism to the breech ring. Another lug is (2) Length of bore, calibers 40.5
constructed on the right side of the breech ring for
attaching the breechblock carrier. (3) Number of lands andgrooves (uniform right-hand 64

c. Interior components. The interior twist) 64
components of the bore, which are the same as
those of other weapons that fire separate-loading (4) Muzzle velocity, feet per
ammunition, are described below in the order of second (maximum charge) 710.2
their location, from breech to muzzle. (5) Range, meters 30,000

(1) The breech recess houses the breechblock (6) Maximum rate of fire
when the breehblock is in the closed position, for the first 3 minutes 1.5 rd per min

(2) The gas-check seat is that part of the rear (7) Sustained rate of fire 1 rd per 2 min
portion of the tube which is tapered to receive the
split rings and gas-check pad in performing e. Tube and breech life. Each round ofrearward obturation. uoi hog anntbwear and erosion to the tube and results in a

(3) The powder chamber is that portion of the change in the dimensions ofthe bore. The extentof
tube from the rear face to the centering slope, wear for most gun tubes and some howitzer tubes
formed to receive the propelling charge. determines the remaining life of the tube. In
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Table 8-1. Condemnation Criteria For Tubes and Breech Assembliea

Majo hm Cannon/ EFC Life of Tube EFC Factor Breech Life Remarks
8-inch howitzer M201A1 10,000 rds Zone 9 = 1.0 Original and 4 tubes
M1 10A2 Zone 7-8 = 0.7 No retubing

Zone 1-6 = 0.25

*Note. 0.135 in wear pullover gage measurement of 8.135.

addition to wear and erosion, each round produces metal. The sequence for cleaning the tube with
metal fatigue, a process in which heat and soap and hot water is the same as that for cleaning
expanding gases weaken the metal in the tube and with rifle bore cleaner except that the tube must be
reduce tube life. The method of determining the rinsed, dried, inspected, and lubricated after each
remaining life for these tubes is to convert rounds daily cleaning.
fired to equivalent full charge (EFC) rounds and
subtract the EFC rounds fired from the remaining c. Lubricants.
rounds authorized. The tube life and breech life for (1) Oil, lubricating, preservative, medium, is
the 8-inch howitzer Mll0 and M110A1 are shown used on all bearing surfaces if the temperature is
in table 8-1. The information in the table was above 320 F.
extracted from TM 9-1000-202-10 and changes 1, (2) Oil, lubricating, preservative, special, is
2, 3, 4, and 5 to TM 9-1000-202-35. used on all bearing surfaces if the temperature is

8-21. Barrel Maintenance below 320 F.
d. Reducing tube wear.

a. Cleaning. (1) Corrosion is a chemical decomposition of

(1) The tube should be cleaned with rifle bore tube metal, caused by moisture being withdrawn
cleaner (abbreviated on lubrication orders as (CR)) from the air by hugroscopic primer salts deposited
the day of firing and for 2 consecutive days after in the tube by firing. The tube should be cleaned
firing, making a total of at least three cleanings. with rifle bore cleaner immediately after firing and
After each cleaning, a coating of rifle bore cleaner for 2 consecutive days thereafter, or until sweating
should be left in the tube overnight. If the weapon ceases, to stop tube wear caused by corrosion.
is not to be fired within 24 hours after the third
cleaning, it should be wiped dry, inspected, and (2) Erosion is the wearing away of the tube by
lubricated with oil. Oil, lubricating, preservative, the escape of propelling gases around the rotatingmedim, houd b use ifthetemeratre s aove band at the instant of firing (known as gas wash)
medumsodbe used ifthe temperature is above and by friction. Erosion can bereudby32*; oil, lubricating, preservative, special, should adb rcin rso a erdcdb-
be used if the temperature is below 32* F. (a) Removing oil and other foreign matter

(2) If the tube continues to sweat after the from the tube before firing.
third cleaning, cleaning should be continued until (b) Using the lowest charge commensurate
the sweating stops. with the mission.

(3) When the weapon is not being fired, the (c) Using the lowest rate of fire
tube should be cleaned with rifle bore cleaner commensurate with the mission.
weekly and then wiped dry, inspected, and reoiled (d) Letting the weapon rest 10 minutes per
as in (1) above. hotr. (The rest periods should be used to clean and

b. Cleaning solutions. maintain the weapon.)

(1) Rifle bore cleaner. Rifle bore cleaner (e) Swabbing the tube with cold water
evaporates at 1500 F. (If a hand can be placed on during lulls in the firing.
the tube without being burned, the tube is cool
enough to clean.) Rifle bore cleaner is not a o nsar ha t all ammuntio
lubricant; but it will act as a rust inhibitor for 24 components are clean before loading.
48 hours. Rifle bore cleaner should never be 8-22. Breech Ring and Breech Bock
diluted, a. The tube (on the 8-inch howitzer) is screwed

(2) Alternate solution. If rifle bore cleaner is into an internal thread in the breech ring and is
not available for cleaning, an alternate solution of locked in place by a key and a screw. The inner
'A-pound castile or GI soap dissolved in a gallon of portion of the breech ring forms the breech recess,
water may be used. Hot water is preferable because which is divided into eight threaded and four plain
it will dissolve soap more readily. The tube should sectors mating with those of the breechblock. Two
be cleaned while it is still hot so that the solution leveling plates on the top surface of the breech ring -
will wash the primer salts from the pores of the are used as seats for the gunner's quadrant.
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b. The breech ring forms a housing for the (6) Remove the control arc.
stepped-thread, interrupted -screw type of (7) Insert a section of the cleaning staff
breechblock. The DeBang obturator device is through the breechblock and remove the

4 employed on the breechblock to perform rearward breechblock.
4 1 obturation; that is, to prevent gases from escaping(8Usgasmldrfopuceoeth

to the rear.(8Usnasmldrfopuceovth
c. The percussion-type (continuous-pull) firing spring pin from the crankshaft crank.

mechanism M35 is employed in the breechblock. Note. The operating handle must be in the
d. Te beec lie o eac weponis how in vertical position.

d.ahe brehlfeo-ah1epnissoni (9) Remove the crankshaft and operating

handle as a unit.

8-23. Counterbalance Assembly (10) Remove the crosshead and the

a. The purpose of the counterbalance assembly crankshaft crank.
is to hold the breechblock assembly in the open (11) Remove the cotter pin from the bottom of
position at loading elevation and to facilitate the carrier hinge pin.
closing the breech. (12) Tap the hinge pin upward and remove.

b. The counterbalance assembly is a cylinder Note. Do not drop the bearing, washer, or
with closed ends containing a relatively heavy carrier.
compression spring. The spring is compressed (3 eoetecriradtetrs
between the head of the cylinder and the (3 eoetecriradtetrs
counterbalance piston, which is connected to the washer.
breechblock carrier hinge pin by its rod. The b. Maintenance. The breech mechanism is
counterbalance is mounted to the breech ring by subject to contamination from powder residue,
means of a counterbalance bracket secured to the which works its way to and through the obturating
forward right side of the breech ring. parts. For this reason, disassemble the obturating

parts and clean them in the same manner as
8-24 DissseblV nd Mintnanc ofprescribed for the barrel-the day of firing and for
8-24 Disssebly nd Mintnanc ot2 consecutive days thereafter. Clean the breech

the Breech Mechanism mechanism, except the gas-check pad, with rifle
Under no circumstances should an attempt be bore cleaner. Remove all powder stains, rust, or

made to disassemble the breech mechanism with burrs, using crocus cloth if necessary. Wipe the
the breech partially or fully closed; because, when gas-check pad with a clean dry cloth or clean with
the breech is opened, the split rings and the gas hot soapy water. After cleaning and drying these
check pad will drop into the threads of the breech parts, lubricate them as prescribed by LO
recess. This could prevent the breech from opening 9-2300-216-12 (fig 8-19) before reassembling the
and could damage the split rings. breech mechanism.

a. Disassembly. To disassemble the breech c. Assembly. Reassemble the breech
mechanism (fig 8-19)- mechanism in reverse order of disassembly.

(1) Remove the firing mechanism M35 by
pressing in the firing mechanism and rotating it 8-25. Firing Mechanism M35 and Firing
700 in a clockwise direction. To remove the firing Mechanism Block Assembly
group block, pull the follower knob out and down
into the disassembly position. a. Firing mechanism. The firing mechanism

(2) Open the breech and place a spacer M35, which is a percussion-type mechanism, is

between the shoulder of the eye on the normally kept installed on the rear end of the
counterbalance piston rod and the counterbalance obturator spindle and secured in the stepped reess
cylinder head. Then swing the carrier toward the of the breechblock carrier. The firing mechanism
closed position until the eye on the counterbalance is operated manually by means of a lanyard.
piston rod can be lifted over the head of the pin on b eoadsseby n sebyo h
the hinge pin arm. firing mechanism. Figure 8&20 describes and

(3) With the breech open, remove the illustrates the procedures for removal,
obturator spindle nut (use a 1%A-inch socket). disassembly, and assembly of the firing

(4) Remove the firing mechanism housing, mechanism.
spindle spring, and firing block. c. Maintenance. Maintenance of the firing

(5)Slie he btuatr asemlyfrom the mechanism M35 and the firing mechanism block
(5) lidethe btuatorasseblyconsists of cleaning, lubricating, and replacing

breechlock.worn or damaged parts.
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34

3 1217 181

29 2 4 27

23 22 21 20

AT 11438

1-Hinge pin 19-Firing pin retainer
2-Oil cup 20-Knob
3--Counterbalance piston rod end pin 21-Firing group lock
4-Hinge pin key 22-Spring
5-Spring pin 23-Block follower
6-Latch knob 24-Extractor
7-Latch 25-Breechblock carrier
8-Operating lever assembly 26-Thrust washer
9-Latch spring 27-Crosshead

10-Crank 28-Breechblock
11 -Latch bracket 29-Obturator spindle assembly
12- ndle spring 30-Spindle key
13-, tractor pin 31 -Roller
14- iring mechanism housing 32-Pivot pin
15-Spindle nut 33-Control arc
16-Firing mechanism 34-Latch screw
17-Spring 35-Hinge key setscrew
18--Firing pin 36-Screws

37-Pin

fure 8-18. Breech and firing mechanism M35-exploded view.
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LANYAkD
FLE /ER

EC MPRESS IN AND LANYARD
TURN TO !ILEVEk PINDISENGAGE

CASE
rOLLOWER

r PRESS INAD CASE

TURN TOCASE
ENGAGE

a. Press in on firing mechanism with breech in b. Place firing mechanism on solid surface. Place
extract or load position and turn mechanism M18 fuse setter wrench over the case and fol-
700 clockwise to disengage. lower and depress until pin can be removed

from lanyard lever and yoke. Release spring
tension slowly to -prevent scattering of parts.

CASE
FOLLOWER

CA SE

SPRING

SPRING
'SEAR GROUP

HAMMER PIN
HING

c. Remove case follower, case, and springs from d. Remove sear hinge pin.
hammer and sear group.

NOTE. PRESS DOWN ON SEAR SEAR SEAR
.• ITH'LANYARD LEVER. SPRING

SEARNOTE. OBSERVE POSITION

SPRING

YOKE

HAMMER

SEARE
NOTE. LUG ON HAMMERSER --

I MUST BE BACK OF HU B!

ON SEAR.

e. Separate hammer, Sear hinge pin, sear spring, f. To assemble, insert hammer into bore of yoke,
and yoke. position sear spring on sear, and place sear with

spring into slot in yoke. Engage ends of sear
spring into two grooves above sear pin hole.
Complete assembly by performing e through a.

Figure 8-19. Removal, disassembly, and assembly of the firing mechanism M35.
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NOTE. PULL FOLLOWER KNOB OUT, AND NOTE. FIRING PIN SHOULD PROTRUDE AT LEAST
SLIDE FIRING GROUP BLOCK DOWN FOR 0. 114 INCH, BUT NOT MORE THAN 0. 11 a INCH.
RMVOVAL Oft UP POR INSTALLATION. IF PIN PROTRUSION IS NOT WITHIN THIS

- TOLERANCE, NOTIFY ORDNANCE MAINT-
ENANCE PERSONNEL.

FII 

FNING PIN

a. Frng go p c. - Up Fiin pinTproATusio N N

PROTR1USION
~TOOL - W767150'

FIRINGFIN FRING PIN

/BLOCK

FOLOO E SLOHFKT
KOB DIFTG PIN FOLLOWIE OB

iFIRING GROUP 
1 rl

BLOCK IIll~ FIRING GRUOUP

a. Firing group block. b. Firing pin protrusion.

KNOB SPRING

FIRING PIN

KRNOB PIN

ROLLER

FOLLOWER SHAFT"-- OL

C. Firing pin retainer. d. Firing pin and spring.

KNOB SPRINGl~

"-': I .:: 4 . A$SSEMBLY: CLEAN
AND LUBRICATE.

e. Knob pin nd knob. f. Follower shaft nd follower spring.

Figure 8-20. Disassembly and assembly of the firing mechanism block assembly.

d. Inspection of the firing mechanism. Check e. Disassembly and assembly of the firing
the firing mechanism for smooth and correct mechanism block assembly. Figure 8-20 describes
action of the moving parts. A weak or broken and illustrates the procedures for disassembly and
spring will reduce or hinder the essential snap and assembly of the firing mechanism block assembly.
mechanical precision required for proper
functioning. Examine the mechanism for 8-26. Definitions of Common Terms
corrosion. Powder fouling attracts moisture and a. Fire control instruments-Includes both on-
hastens corrosion. Clean all exposed parts of the and off-carriage instruments. On-carriage fire
mechanism, wipe dry, and lubricate. For control instruments are those which are ofbuilt-in
replacement of broken or worn parts, notify design or are placed on the weapon by the crew and (
organizational maintenance personnel. which are used for laying the weapon in deflection
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and/or elevation. Such instruments as the d. Sighting-The process of directing a line of
panoramic telescope, range quadrant, elbow sight toward an aiming point.telescope, and gunner's quadrant are on-carriage

equipment. The aiming cicie, battery e. Laying-The process of pointing the tube of acommander's telescope, and M2 compass are weapon in a given direction for a given range.

examples of off-carriage fire control instruments.
b. Trajectory-The curve traced by the center of f Indirect fire-Fire from a weapon which is

gravity of the projectile in its flight from the laid by sighting on a point other than the target.

muzzle of the weapon to the point of impact or the Normally, the target and the weapon will not be

point of burst. The muzzle of the weapon is placed intervisible.

in the correct firing attitude (position) by setting
appropriate horizontal and vertical data on the g. Direct fire-Fire from a weapon which is laid

on-carriage fire control instruments and laying by sighting directly on the target.

the weapon. h. Cant-The tilting of the trunnions of the
c. Reticle-A measuring scale or mark placed on weapon out of the true horizontal plane. Cant

the focus of an optical instrument. Some reticles causes the tube to travel out of the true horizontal
have graduations which allow small deflection or plane in traverse and out of the true vertical plane
range measurements to be made while the operator in elevation. Cant is always present if the
looks through the instrument. trunnions of a weapon are not level.

Section V. FIRE CONTROL EQUIPMENT

8-27. Gunner's Quadrant M1/M 1A 1/M2A2 increments from 0 to 800 mils on one side and from

a. The gunner's quadrant M1/M1A1/M2A2 (fig 800 to 1,600 mils on the other side. The teeth on the
8-21) is used on the 8-inch howitzer primarily arc position the index plunger at the 10-ril
during sight tests and adjustments. However, it graduations. The index micrometer scale is
may be used to lay the weapon for elevation if the graduated in 0.2-mil increments from 0 to 10 mile.
elevation quadrant M15 or the elevation portion of One complete revolution of the index micrometer

knob raises or lowers the bubble 10 mils. The indexthe telescope m ount M 137 is inoperable. It m aymi r et rs aeo th M1g n r' qu d nt s
also be used to lay the weapon to the nearest tenth micrometer scale on the M1 gunner's quadrant is
of a nil in elevation, numbered with black and red figures. The blackfigures are read for measuring an angle from 0 to

b. The gunner's quadrant consists of a frame 800 mils; the red figures, for measuring an angle
with a graduated arc, an index arm, a micrometer from 800 to 1,600 mils. Two direction-of-fire
knob and scale, a leveling bubble, and reference arrows indicate the manner in which the gunner's
surfaces. The arc is graduated in 10-mil quadrant is placed on the quadrant seats.

FRAME Note. The gunner's quadrant MIAl differs from
*1 "the M1 in the following respects: the MIA1 is

provided with a micrometer mask 49 insure use ofOUS the correct scale, it has an indicator on the index

armS and the index mark on the micrometer isp Snumbered 10 rather than 0.

!c. Gunner's quadrant micrometer test. Gunner's
quadrant micrometer test and end for end test

LEVELVIAL 16, must be conducted prior to using gunner's
go quadrant for any fire control alinement test.
CRO- (1) Set index at plus 10.

A0 METER (2) Zero micrometer.

L(3) Point line of fire arrow toward muzzle end.

(4) Depress/elevate tube to center bubble.
SHEF~$0,(E o14L INDEX MARK (5) Set index at zero.

(0 80 P~"-S (6) Set m icrom eter at 10.

Figure 8-21. Gunner's quadrant I. (7) Point line of fire arrow toward muzzle end.



(8) Bubble should center. should center. If the bubble centers, subtract the
(9) f bbbledoe no recnte, te miromter reading on the micrometer scale from 10 to obtain(9) f bbbledoe no recnte, te miromter the value of the correction for the error. This isis in error. The quadrant should be turned in to known as the negative correction (-) for the error,direct support maintenance for repair and no and the end-for-end test is complete.

further test or adjustment made with the
instrument. Note. If a correction (+ or-) fortheerror has been

d. Ed fr ed tst.To tst he unnr's determined during teend-for-end test o h
qudrEnd for endcteat, Tortest the gunnering gunner's quadrant, it will be carried only during
quadrnet accrcy perform i thest olwng sight tests and adjustments and will not be applied
end-formendtst eoepromn ih et n to elevations in fire missions. However, if the

adjustents.correction for the error is more than 0.4 mil, the
(1) Zero the scales of the gunn~er's quadrant, gunner's quadrant must be sent to the support uit

place the gunner's quadrant on the quadrant seats at the earliest possible date for correction and
on the breech ring, and level the tube. adjustment.

(2) Reverse the quadrant (end-for-end) on the 8-28. Panoramic Telescope Mount MI 37
quadrant seats and check the bubble. If the bubble Telescope mount M137 (fig 8-22) provides ancenters, the tube is level, the end-for-end test is adjustable base for leveling the panoramiccomplete, and the error in the gunner's quadrant is telescope M1 15. A mechanical four-digit decimal0. However, if the bubble does not center then you counter is used for registering elevation in place ofmust continue the end-for-end test and determine the elevation scale and micrometer used onthe sign (+ or -) and the amount of the correction for previous telescope mounts. A correction indicatorthe error in the gunner's quadrant as described in is used for inserting relatively constant elevation(3) or (4). corrections so that the elevation counter registers

(3) If the bubble does not center ((2) above), actual firing table elevation readings. Test and
turn the micrometer knob and try to center the adjustments of the panoramic telescope mount are
bubble. performed in the same manner as those of the

elevation quadrant M15 (pama 8-30). For details,(a) If the bubble centers when the see TM 9-2350-304-20.
micrometer knob is turned, read the black figures
on the micrometer scale and divide the reading by 8-29. Panoramic Telescope M 115
2. Set the results on the micrometer scale. Panoramic telescope M115 (fig 8-23) is a

(b) Place the gunner's quadrant back on the 4-power, fixed-focus telescope with a 100 field of
quadrant seats with the arrow pointed toward the view. It is mechanically similar to other
muzzle and, using the elevating handwheel, level panoramic telescopes now in service. It consists of
the tube by centering the bubble. a rotating head assembly, an azimuth worm

housing assembly, a counter adapter assembly, a(c) Reverse the gunner's quadrant gunner's aid housing assembly, and an elbow
(end-for-end) on the quadrant seats. The bubble assembly.
should center. The reading on the gunner's
quadrant is the amount of the positive (+) a. The primary purpose of the panoramic
correction for the error in the gunner's quadrant, telescope is to lay the weapon for indirect fire. It
and the end-for-end test is complete. allows the gunner to apply a specified change in

direction (deflection) to the tube of the weapon by(4) If the bubble does not center ((3)(a) above), changing the line of sight of the telescope the samemove the gunner's quadrant arm down one specified amount and then traversing back on thegraduation (10 mils). fixed aiming point. For example, to change the
(a) Turn the micrometer knob until the direction of the tube 200 mile to the right, the

bubble-centers. gunner refers the line of sight 200 mils to the left of
the fixed aiming point and then traverses the tube(b Take the reading on the micrometer until the line of sight of the telescope is back on thescale, add 10 to it, and divide the sum by 2. Place aiming point. This points the tube 200 mils right ofthe results on the micrometer scale. its original direction.

(c) With the arm of the gunner's quadrant b. The elevation knob, located at the top of theset at minus 10 and the results in (b) above set on telescope rotating head enables the gunner to raisethe micrometer scale, place the gunner's quadrant or lower the line of sight plus or minus 300 mileback on the quadrant seats with the arrow pointed from center when rotated throughout its limits. Atoward the muzzle and, using the elevating fine index and a coarse index indicate the levelhandwheel, level the tube by centering the bubble. position. The fine index may be adjusted by
(d) Reverse the gunner's quadrant loosening the three screws on the top of the

(end-for-end) on the quadrant seats. The bubble elevation knob and then slipping the collar
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containing the zero index into coincidence with the doubt exists concerning the accuracy of its
fixed index. The coarse index is adjusted by mounting. These adjustments and tests are made
support personnel only. An open sight located on after the trunnions and the weapon tube have been
the right side of the rotating head is used for rough leveled as shown in figure 8-25.
alinement with an aiming point. (1) Check the mounting to make certain that8-30. Elevation Quadrant MI5 the elevation quadrant is properly seated on the

a. Elevation quadrant M15. Elevation quadrant trunnion end plate key and is flush against the
M15 (fig 8-24) is mounted directly on the plate. Make certain that the capscrews have been
right-hand trunnion and is used for adjustment of tightened evenly during mounting.
the weapon in elevation when two men are (2) Zero the correction counter and elevation
orienting the weapon. Elevation quadrant M15 is counter.
equipped with a mechanical mil counter for
elevation readings. Gunner's aid counters are built (3) Center the cross-level bubble with the
in to permit quick, accurate insertion of elevation cross-level knob and center the elevation bubble

correction factors peculiar to the individual by elevating or depressing the tube.
cannon and cannon emplacement. A quadrant
seat is also provided on the instrument to allow the (4) To test the elevation quadrant seats for
use of gunner's quadrant MI/MIAl when fine accuracy, set the correction (if any) from the
elevation settings are required. A mounting end-for-end test of the gunner's quadrant on the
bracket for the elevation quadrant is precisely micrometer scale of the gunner's quadrant. Place
machined and alined so that, when the instrument the gunner's quadrant on the quadrant seats of the
is installed, complex adjustments are unnecessary elevation quadrant M15 and check the bubble.
and only an accuracy check is required. The (a) If the gunner's quadrant bubble centers,
controls on the elevation quadrant are identical to there is no error in the elevation quadrant seats.
corresponding controls on panoramic telescope
mount M137. (b) If the bubble does not center, turn the

micrometer knob of the gunner's quadrant until it
b. Adjustment and tests for elevation quadrant does center. The reading on the micrometer must

M15. The adjustment and tests described in (1) now agree within +0.2 mil of the reading set on the
through (6) below will be made whenever the gunner's quadrant at the beginning of the test of
elevation quadrant M15 is replaced or whenever a the quadrant seats for accuracy. If it does not agree

QUADRANT HAND LIGHT

CORRECTION

4 CONNECTOR

CORRECTION KNO

LAMP

CROSS-LEVEL PIVOT STUDVIAL

'" ELEVATION

I COUNTER bIAL"

ELEVATION .. RSS-LEVELKNl
LEVEL VIAL KO

Figure 8-24. Elevation quadrant M15.
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Iwithin +0.2 mil, the M15 elevation quadrant seats (6) Do not paint instruments.
are out of tolerance and should be reported to the ()Bfr sn nisrmnrmv l

diret sppot minteanc pesoneldust and grit from the contact surfaces.
(5) To test for parallelism of the breech ring ()Wp f l xeslbiatt rvn h

quadrant seats and elevation quadrant M15, add, (8)uulWion offds all xesgurict t rvnh
algebraically, the correction determined by the acmlto fds n rt
end-for-end test of the gunner's quadrant and the b. Panoramic telescopes and telescopic sights.Icorrections stamped in the breech ring of the (1) Remove dust or grit with a clean
weapon. Place the sum on a tested gunner's camel's-hair brush or lens tissue paper.
quadrant and place the gunner's quadrant on the
quadrant seats of the breech ring. (2) Remove oil or grease from rubber

(a) If the bubble of the gunner's quadrant eyeshields immediately.
centers, there is no error. c. Telescope mounts and elevation quadrant.

(b) If the bubble does not center, turn the (1) Keep the level vials covered when not in
gunner's quadrant micrometer knob until the use.
bubble does center. The reading on the micrometer (2) Do not attempt to force a mechanism
knob must now agree within 41.0 mil of the reading beyond its stop.
set on the gunner's quadrant at the beginning of
the test for parallelism. If this reading agrees (3) Insure that lubrication is performed by
within + 1.0 mil, the breech ring quadrant seats and maintenance support personnel periodically.
the M15 elevation quadrant are within tolerances d. Gunner's quadrant.
for parallelism. If the reading does not agree
within +1.0 mil the M15 elevation quadrant is out (1) Do not~ burr, dent, or nick reference
of tolerance and should be referred to direct surfaces or the notched portion of the frame.
support maintenance for adjustment. (2) Clean the arc frequently with a small

brush or with a brush and drycleaning solvent.
8-31. Elbow Telescope Mount M1 38 (3) Never leave the gunner's quadrant on the

Telescope mount M138 (fig 8-26) mounts on weapon during firing.
elevation quadrant M15 and holds the elbow e. Coated optical elements. The optics of some
telescope M139. A lamp attached to a retractible instruments are coated with a reflection reducing
lead on mount M138 provides illumination for the film of magnesium fluoride. Rub coated optics as
reticle pattern on telescope M139. little as possible. If such a coating is partly
8-32. Elbow Telescopes M 139 removed, do not remove the remainder, since any

Elbow telescope M139 (fig 8-27) is used on the amount of coating will make the sights clearer.
Ml10OA2 howitzer. Both telescope mounts on Note. To replace telescopes or telescope mounts,
telescope mount M 138, which mounts on elevation refer to paragraph 2-64, TM 9-2350-304-20.Iquadrant M15. These telescopes are simple, 8-34. Boresightingfixed-focus, 3-power instruments. They are used
in direct firing of the weapons. Illuminated reticle a. Definition and purpose. Boresighting is the
patterns are incorporated into the optical systems process of alining the on-carriage sighting and
of the telescopes. fire control equipment so that the lines of the
8-33. Care and Maintenance of Sighting telescopes (optical axis) are parallel to the axis ofI

the bore, and the mounts (that hold the telescopes)
and Laying Equipment are in coincidence with the tube. The purpose of

a. General cart- boresighting is to insure accuracy in laying the
(1) voi rogh hndlng.tube for elevation and direction. Boresighting is
(1) voi rogh hndlng.corducted by the section before firing and, when

(2) Disassemble the equipment only to the necessary, during lulls in firing. A tested gunner's
extent authorized in the technical manual quadrant (para 8-26) is the fire control instrument
pertaining to the weapon. used to set the tube at the appropriate elevation

(3) Ketheqimndr;nvrisal and to test othersighting and laying equipment on
covers when the equipment is damp or wet.thwepn

(4) hentheequpmet iRnotin sekee itb. Methods of boresighting. There are three
(4)ete wh the epenrs proinsekepi methods of boresighting the heavy weapons.

protcte wit th covrs rovied.These methods are the testing target method and
(5) If any instrument is not performing the distant aiming point (DAP) method. As a field

properly, send it to the maintenance support unit expedient, the standard angle can be used to
for repair. boresight the heavy weapons; however, if the
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standard angle is used to put the weapon in performed on the panoramic telescope mount
boresight, one of the more accurate methods of M137. If the M15 elevation quadrant seats or the
boresighting (testing target or distant aiming quadrant seats on the panoramic telescope mount
point) must be used at the first opportunity (lulls in M137 are not within 1 mil of parallelism with the
firing) to verify that the weapon is in correct quadrant seats on the breech ring, organizational
boresight. This chapter will describe the two mainteaance personnel must be notified.If any of
methods of boresighting the heavy weapons. The the elevation scales do not read zero, the elevation
procedures for establishing and using the quadrant M15 and/or the panoramic telescope
standard angle check of boresighting can be found mount M137 must be checked in accordance with
in FM 6-94. the instructions in paragraph 8-31.

c. Six steps of boresighting. Regardless of the (5) Targets. Either of two targets-testing
method of boresighting performed, there are six target or distant aiming point-may be used in
basic steps that have to be considered by the chief boresighting the heavy weapons.
of section in order to completely boresight the (a) Testing target. The testing target (fig
heavy weapons. These six basic steps involve the 8-29) should be placed to the direct front of the
trunnions, tube, bubbles, elevation scales, target, weapon and at a distance between 50 and 100
and telescopes (panoramic and direct fire). meters from the weapon. The vertical and

(1) Trunnions. The trunnions should be as horizontal crosslines of the gun tube diagram on
level as possible when a heavy weapon is being the testing target are brought into coincidence
boresighted. The simplest way to insure that the with the vertical and horizontal boresight cords of
trunnions are level is to emplace the vehic]e on the weapon by moving the target (canting it if
level ground. If that is not possible, the method for necessary) until coincidence is achieved. The
leveling illustrated in figure 8-25 may be used or maximum allowable cant of the trunnions (and the
the tracks may be leveled by digging and filling testing target) is 90 mils. The procedure for alining
under them. Tilt, corresponding to the cant in the the vertical and horizontal crosslines of the
weapon when the trunnions are not level, must be telescopes and the vertical and horizontal
introduced in the telescope mount and the testing crosslines of the target is described in (6) below.
target when the testing target is used for (b) Distant aiming point. The distant
boresighting. In no case should there be more than aiming point method of boresighting makes use of
90 mils of cant in the trunnions when using any aiming point at lestghting mes fromboresighting method. a definite aiming point at least 1,500 meters from

the front of the tube. After the first four steps (para
(2) Tube. The tube of the heavy weapon must (1) through (4) above) have been completed, then

be at zero elevation. Perform the end-for-end test the weapon can be traversed and elevated in order
of the gunner's quadrant (para 8-27). Add the to place the crosshairs on the muzzle exactly on the
correction (if any) determined from the distant aiming point (fig 8-28) and aline the
end-for-end test to any correction embedded in the optical axis of the telescopes with the same point of
breech ring of the weapon. Set the sum on the the distant aiming point as described in (6) below.
micrometer of the gunner's quadrant and place the
gunner's quadrant on the quadrant seats of the (6) Telescopes. The optical axis of each of the
breech ring. Now, using the elevation handcrank, telescopes (panoramic and direct fire) must be
elevate or depress the tube until the bubble in the placed parallel to the axis of the tube. This is done
level vial of the gunner's quadrant is centered. with each of the telescopes as follows:
This action places the axis of the tube at zero (a) Panoramic telescope MI 15. By rotating
elevation. the azimuth knob, adjust the vertical line in the

(3) Bubbles. Turn all cross-leveling knobs reticle of the panoramic telescope oi. the distant
and all elevation-leveling knobs on the mounts of aiming point (fig 8-28) or on the testing target (fig
the weapon until the bubbles center within the 8-29), depending on the method of boresighting
vials. The bubbles have been placed within being used ((5) above). The azimuth counter should
coincidence with the axis of the tube witho,' read 3200. If the azimuth counter does not read
moving the tube. 3200, depress the boresight adjustment shaft

(4) Elevation scales. When boresighting with (located under the azimuth knob), rotate the shaft
the testing target and with all bubbles centered, until the azimuth counter reads 3200 and release

then all elevation scales should read zero. Be sure the shaft. Check the rent counter by turning the

that all correction scales have been set back to reset counter knob and see if the reset counter will

zero. If the scales read zero, then check the M15 register 3200. If so, the panoramic telescope is

elevation quadrant seats and the quadrant seats boresighted for direction. Continue the adjustment

on the breech ring withatestedgunner'squadrant of the panoramic telescope by adjusting the

to see that they are parallel. This parallelism test horizontal line of the panoramic telescope to the

must agree within 1 mil. The same test must be distant aiming point(or testing targetdiagram) by

8-30
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I - -JACKS

a. Position two mechanical jacks under rear of b. Position mechanical jack under front center
vehicle, of vehicle.

BREECHL

GUNNIER'S QUADRANT

MIA1

c. With fire control quadrant M15 elevation d. Calibrate gunner's quadrant MIAl following
counter set to 0000, center and depress procedures in TM 9-575. Adjust quadrant to
cannon to zero (0) degrees elevation as indi- 0-degree elevation and position on breech
cated on elevation level vial of the quadrant. leveling surfaces. Adjust front jack to center

quadrant bubble.

BORE SIGHT CORD - 7309280

XN

BREECH BORE
SIGHT4933-730-.5632

e. Tape bore sight cord to muzzle witness marks
and install breech bore sight.

f. Hang plumb line in front of muzzle. Line must
be long enough to be visible through barrel or
tube with cannon at maximum elevation.

Figure 8-25. Cross-leveling cannon and trunnions.
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*TRAVERSE CANNON
PLUMB

LINE

RBORE SIGHTCORD

8 .9.

8309280

BREH

4933-730
-5632 ,

g. Traverse cannon to aline vertical bore sight h. Elevate cannon to maximum elevation.
cord with plumb lina

E RAISE RIGHT REAR JACK

PR V E S TRAVERSE GUN

PLUMB---.tUMB-LIN

LINE-- - -,

BORE SIGHT sigh ca elevate a
CORD t to 6u rrori__ re-
8309280

i. Observe plumb line with vertical bore sight Depress cannon to O-degree elevation.
cord alinement. Traverse half of error. Adjust
rear jack to remove balance of error.

RAISE LEFT REAR JACK 0*,'T RAVE RSE GUN_11- i]lq PLUMB LINE

1. Repeat steps h through k as necessary,
• 1 checking alinement of plumb line and bore

BORE SIGHT Fu82 sight cord with cannon elevated alternatelyCORD80 to 0 and to 65 degrees until all error is re-

CORD2

- - - -moved.

k. Observe plumb line with vertical bore sight
cord alinement. Traverse half of error. Adjust
rear jack to remove balance of error. ,,

Figure 8-25. Cross-leveling cannon and trunnions-continued. •
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ELEVATION
POWER LOCKING LEVER

CONNECTOR

RETICLE J..

LAMPI

~TELESCOPE

HOLDDOWNLATCH

TELESCOPE
SEAT

LIGHT
INTENSITY

ADJUSTMENT

Figure 8-26. Elbow telescope mount M138.

RETICLE LAMP
CONNECTOR

Figure 8-27. Elbow telescope M139.

means of the elevating knob on the telescope. If the 8-35. Special Safety Procedures (Misfire)
fine indexes do not coincide, loosen the three
screws on top of the elevating knob and slip the Malfunctions in the firing of artillery
scales. Tighten the three screws and verify the ammunition, such as misfires, hangflreu and

cookoffs, are defined and discussed in a through

below. When authorized and properly maintained
(b) Elbow telescope M139. The direct fire ammunition is fired in properly maintained and

telescope can be adjusted to correct for errors in operated weapons these malfunctions rarely
cant, elevation, and deflection by adjusting the occur. In order to avoid injury to personnel and
reticle patterns to the distant aiming point or damage to equipment, all personnel concerned
testing target as shown in e, f, and g, figure 8-27. must understand the nature of each malfunction
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TAPE

MU ZZLE i
SIGHT

14 ~CORiD

a. Position vehicle on flat, level ground. Select b. Tape muzzle sight cord to muzzle witness
aiming point with well-defined vertical and marks.
horizontal axes at least 1,500 meters distant.

BREECH PEEP HOLE

B i

SIGHT

c. Install breech boresight in breech. d. Aline muzzle crosshairs with horizontal and
vertical axes of target while sighting through
peep hole in breech boresight.

EELEVATION

e. Adjust elevation and cross-level knobs until f. Turn elevation locking lever to release eleva-
both level vial bubbles are centered on elev- tion screw on telescope mount Ml 38. Rotate
tion quadrant Mi5. screw until horizontal crosshhir of reticle of

elbow telescope M139 is centered on target.
Turn elevation locking lever to original posi-
tion.

Figure 8-28. Boresighting.
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EFLECTIONO 
ADJUSTING

CSCALS

k. fleotate objecti prim etlvarti l kno s rs-ee n until boLoen tre scesatahin ro b-evea
hron rshair of reticle is superimpoed- prism, ule atio kenbtoed.p.Sipaa

coincide.lTighien screw.

u EFLETTI. hD .O

KNONVAL

. Lose pnormctloeM deflection loknjce adrtt . Apndjust t efle c to , -iount 7e evain .n
delino ajsnba until vertical crossha- croeseisP s-lv kn ob untd ott boh cdjussleet vat
haro il ssuperimposed on target. utiloe aregisntersd.00ms.Ce do .

ELEVEFLCTIO N DOREW

DSCALES

COUNTERR

i. Rotate paoetprais elepv115fetion nbunij. Ooen door o eection attahig ounetie
knorizontilral crossh ir of reticle is Pushm ria nd ele tate knbosi ateS adjut e t af
supeiposed on target . untile wiout regiter 3.200 mnil Cloeor.
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and the proper preventive and corrective above) and therein lies the principal danger-that
procedures. General procedures for removing of assuming that a failure of the weapon to fire
chambered rounds associated with these immediately upon actuation of the firing
malfunctions are described in paragraphs 8-36 mechanism is a misfire whereas, in fact, it may
and 8-37. prove to be a hangfire. It is for this reason that the

a. Misfire. A misfire is a complete failure to fire. time intervals prescribed in paragraph 8-37
It may be due to a faulty firing mechanism or a should be observed before the breech is opened
faulty element in the propelling charge explosive after a failure to fire.
train. A misfire, in itself, is not dangerous but, CAUTION: During the prescribed time
since it cannot be immediately distinguished from intervals, the weapon will be kept trained on the
a delay in the functioning of the firing mechanism target and all personnel will stand clear of the
or from a hangfire (b below) it should be considered muzzle and the path of recoil.
as a delayed firing until such possibility has been c. Cookoff. A cookoff is a functioning of any or
eliminated. Such delay in the functioning of the all of the explosive components of a round
firing mechanism, for example, could result from chambered in a very hot weapon, due to heat from
the presence of foreign matter (such as grit, sand, the weapon. The primer and propelling charge, in
frost, ice, or improper or excessive oil or grease), the oier an rorellng cagefi
which might create, initially, a partial mechanical that order, are, in general, more likely to cookoff
restraint. This restraint, after some indeterminate than the projectile or the fuze. If the primer or the
delay, is overcome as a result of the continued force propelling charge should cookoff, the projectileappled y te srin, te frin pi thn bing may be prepelled (fired) from the weapon with
applied by the spring, the firing pin then being normal velocity even though no attempt was madedriven into the primer in the normal manner. to fire the primer by actuating the firing

b. Hangfire. A hangfire is a delay in the mechanism. In such a case, although there may be
functioning of the propelling charge explosive uncertainty as to whether or when the round will
train at the time of firing. In most cases, the delay, fire, the precautien s to be observed are the same as
though unpredictable, ranges from a split second those prescribed for a hangfire. However, should
to several minutes. Thus, a hangfire cannot be the bursting charge explosi- train cookoff, injury
distinguished immediately from a misfire (a to personnel and destruction of the weapon may

result. To prevent heating to the point at which a
cookoff may occur, a round of ammunition which
has been loaded into a very hot weapon should be
fired or removed within 5 minutes.

8-36. Loading Precautions
Certain precautions must be taken when firing

artillery ammunition with a hot tube; therefore,
the officer in charge of firing must determine when
the tube is hot enough for the procedures and
precautions to be applicable. Several factors which
may cause a "hot" tube situation to exist are the
ambient temperature, the temperature of the
ammunition, the rate of fire or number of rounds

em........ fired within a specific period, and the charge being
fired. In any event a "hot" tube situation exists

U_ _ _ when a combination of factors could cause a
possible cookoff or exudation of the high explosive
filler from a chambered round which cannot be
fired immediately. If the person in charge of firing
determines that a "hot" tube situation exists, the
following loading precautions must be observed.

a. Do not chamber a round in the tube until
immediately prior to firing.

b. Fire or remove from the weapon within 5
minutes a round that has been chambered in a hot
tube.

c. If the round in a hot tube cannot be fired or
removed within 5 minutes after loading and a

Figure 8-29. Testing target. misfire is not involved, take the following actions:



(1) Remove the primer, after removing the primer), open the breech, and
(2) Evacuate all personnel to a safe distance. remove and dispose of the defective propelling

charge. Insert a new propelling charge and a new
(3) Leave the weapon laid on the target. primer and fire the weapon.
(4) Request explosive ordnance demolition b. Misfire procedures-hot tube. After a failure

personnel for assistance. Release the weapon to to fire all charges, actuate the firing mechanism
ordnance if required. two additional times in an attempt to fire. Wait 2

8-37 Misire roceuresminutes from the last attempt to fire and then
remove and inspect the primer.

a. Misfire procedures-cold tube. After a failure
to fre M11O2, ll cargs; atuae th fiing(1) If the primer is not dented, the fault is inmoienim toA adtil timres;i aattemp fiin the firing mechanism. Repair the firing

fie.aistw dmitesfoma thes ast attempt to r mechanism, insert a new M82 primer, and fire the
ande Wth removues ndinse the pri ttmr.o ir weapon. If the round cannot be fired or removedand henremoe ad inpec theprier.within 5 minutes of chambering, follow the

(1) If the primer is not dented, the fault is in procedures outlined in paragraphs 8-36c(2)
the firing mechanism. Repair the firing through (4).
mechanism, insert a new M82 primer, and fire the(2Iftepirisdndbuddnofrth

weapon.primer is at fault. Insert a new primer and fire the
(2) If the primer is dented, the primer is at weapon if 5 minutes has not elapsed since the

fault. Insert a new primer and fire the weapon. round was chambered. If 5 minutes has elapsed,
(3) If the primer fired, the fault is in the follow the procedures outlined in paragraphs

propelling charge. Wait 10 minutes (8 minutes 8-36c(2) through (4).

Section VI. SUMMARY

8-38. Review
The 8-inch howitzer M11OA2 is the current

heavy weapon of the field artillery. This weapon
can be interchangeably mounted on a
self-propelling carriage that was designed
specifically for field artillery purposes and that

possesses flexibility, mobility, and stability to a
degree never before attainable in heavy field
artillery weapons. The entire operation of
traversing, elevating, and loading the weapon is
quickly and efficiently accomplished through the
use of power equipment; however, the weapons can
also be operated manually in the event of power
failure.
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CHAPTER 9

14.5-MM FIELD ARILLERY TRAINER. M31

Section I. GENERAL

9)-1. Refere--nce-s'

9-620-361-13.ARREL ASSEMBLY
LOCKING .z. ,.

9-2. Ilnroduc In-LEVER O TELESCOPE BRACKET

The purpose of this manual is to provide / 1 MOUNT ASSEMBLY

information on the use of the 14.5-mm field
artillery trainer, M31 (fig 9-1) and the improved L ADJUSTING
version of the trainer. The 14.5-mm trainer is a SLEEVE
bolt action, single-shot, rifled barrel assembly
designed to be fired from a tripod but improved to MIPOT
be fired through the bore of the howitzer as a AMBNT

subcaliber device. The improved version of the LOCKING
14.5-mm trainer employs an adapter which SCREW
permits mounting the barrel of the trainer
concentrically inside the breech of the tube,
thereby permitting the use of the on-carriage fire
control equipment to deliver indirect fire. Unlike
other artillery training devices, the M31 trainer
fires a projectile to a maximum range of 730
meters. The projectile detonates and produces an Figure 9-1. 14.5-rm Field Artillery Trainer, M31.
audible report, a puff of smoke that is visible for
1,000 meters during daylight and a flash of light
that is visible for several kilometers at night. The
Gorman and Dynamic Training Boards stated an 9-3. Composition of M31 Kits
urgent requirement exists for an artillery unit a. In order to provide all field artillery units with
training device which can provide realistic the items required to fire the 14.5-mmtrainerfrom
training for all components of the field artillery the tripod or as a subcaliber device for the primary
battery. To meet the requirement a program was weapon, seven kits (A-H) have been prepared.
initiated to develop an improved version of the
14.5-mm trainer. The improved version of the (1) Kit A consists of the following.
trainer permits the gunner and assistant gunner to (a) Six graphical firing tables.
respond to fire commands as though the primary (b) S g site tables.
weapon was being fired. A FADAC tape and
graphical equipment for the 14.5-mm trainer (c) Six tabular firing tables.
allows realistic FDC training at battalion and
battery. The purpose of fielding the M31 field (d) Two MI8 FADAC tapes (revision 5).
artillery trainer is to provide a low cost, but still (e) Six users' manuals.
realistic trainer which will allow a field artillery (f) Eight copies of TM 9-6920-361-13
unit to train all personnel involved in the delivery w/change.
of fire, including gun crews, fire direction
personnel, forward observers and survey crews. (g) Six copies of the safety regulation.
The trainer also allows realistic training in (h) Two safety tongs.
geographical areas where full scale artillery
ranges are not available. (i) One complete set of repair parts.

*Supersedes HB-9 WCXXWS, Dec 80.



(2) Kit B consists of two M31 trainers and two 155-mm how M114AI/A3 A, C, H
M12 series panoramic telescopic sights. 156-mm how M109AI A, G telescope apt assy8-inch how Ml 1OA2 A, G telescope holder assy

(3) Kit C consists of two M31 trainers and two These k ow teleatte to ll a
telescope socket assemblies. These kits will allow the battery to install a

subcaliber device on each howitzer and train as a

(4) Kit D consists of four 14.5-mm gun barrels battery or, in the case of the light and medium
with cleaning kit. battalions, three two-gun batteries can be

(5) Kit E consists of six adapters for the employed during battalion operations. The heavy
105-mm howitzer MI01AL. battalion can employ three one-gun batteries or

two one-gun batteries and one two-gun battery to
(6) Kit F consists of six adapters for the conduct battalion training.

105-mm howitzer M102.

(7) Kit G consists of six adapters for the 9-4. Recommended Changes or Comments
155-mm howitzer M109A1/A2/A3 and four for the Users of this handbook are encouraged to
8-inch howitzer M110A2. submit recommended changes or comments.

(8) Kit H consists of six adapters for the Comments should be keyed to the specific page,
155-mm howitzer M114A1/A2. paragraph, and line of the text in which the

b. Each field artillery battalion will draw three change is recommended. Reasons should be
provided for each comment to insure complete

kits as indicated below: understanding and evaluation. Comments should

Type Battalion Type Kits be forwarded direct to Commandant, US Army

105-mm how MilAl A, C, E SField Artillery School, ATTN: ATSFA-PL-FM,
105-mm how M102 A, F telescope holder assy Fort Sill, Oklahoma 7&%3.

Section 1I, PREPARATIONS

9-6. General

The degree of training benefits derived from the
use of the trainer is in direct proportion to the

preparation made by the using unit. In order to use MARGE
the equipment provided in the training kits, the
unit must construct a miniature range, develop a
special map and teach personnel to use the special IMPACT

equipment.
9-6. Select a Range

a. When selecting an area for the M31 trainer LATERAL

range, consideration must be given to the safety
requirements for indirect fire with the weapon.
Dimensions of the surface danger zone are
dependent on the nature of the firing and type of GUN
surface conditions present within the surface
danger zone. Figure 9-2 shows a sample surface Figure 9-2. Surface danger zone.
danger zone. TM 9-6920-361-13 and P and AR
385-63/MCO P3570.1 explain the procedures for
constructing surface danger zones. and does not have to share the area with other

training activities or operations. The targets,
b. The area should be fairly level to slightly reference points, firing point markers, observation

rolling. Deep ditches or large mounds in the impact poem, and other manmade objects remain in place
area will result in lost rounds. Tall grass or weeds from month to month. Most military posts, where
over 6 inches high will also result in lost rounds. field artillery is stationed, have sufficient land to
The grass and weeds should be cut or burned off accommodate such a range.
prior to firing.

c. Type range. The types of ranges are, in order (2) Semipermanent. A semipermanent range
of prioran the manntyp e rmsae, nd is one which must be shared with other training

of priority, the permanent, semipermanent, and activities or operations, such as known distance
temporary. A description of each is discussed rifle range, drill field, or temporary landing field.
below. The targets, reference points, etc., must be

(1) Permanent range. A permanent range is removed after use and all reference stakes which -
one which the user controls on a permanent basis mark the location of targets, firing points, etc.,
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must be at or below ground level. The unit can use -155M-- 0P
the range on a scheduled basis. P 2 3

(3) Temporary range. A temporary range is
one which the unit can use on a one-time basis TYPICAL BATTERY POSITION
(e.g., one day or weekend) and is normally private
property, such as a meadow or wheat field after
harvest or a pasture which is not being used for 195M --

grazing O 1. 0P P P4
grazing. #3OI&. ""' 3M, 30M~M 3143M

9-7. Federal Aviation Authority Notification
Since the 14.5-mm trainer is used to conduct _nC

indirect fire and is classified as field artillery, the TYPICAL BATTALION POSITION
* airspace in the firing area represents a hazard to Fgr -. Tpclbteyadbtainpstos

low-flying aircraft. Therefore, the 14.5-mm Fgr -. Tpclbteyadbtainpstos
trainer range must be classified as a restricted

* area by the Federal Aviation Authority. The 9-9 Spca Map
procedure for obtaining restricted classification of
a range is contained in AR 95-50. The unit should a. For permanent and semipermanent ranges a
contact the Department of the Army Regional 1:5,000 scale map of the impact area should be
Representation (appendix B, AR 95-50) for constructed. Most training aids centers can "blow
assistance when preparing a formal proposal. up" a portion of a 1:25,000 or 1:50,000 scale map
Military reservations are normally classified as five or ten times in order to make a 1:5,000 scale
restricted areas; therefore, the site for the range map. Shown in figure 9-4 is a type 1:5,000 scale
can be locally approved, map of 800 meters by 1,100 meters. The map shows

9-8.Consructon o a Rngethe contour lines and terrain features shown on the
9-8.Contrutio ofa Rngeoriginal map. After the roads, buildings, and other

a. After the site for the range has been selected it terrain features (such as small mounds and
should be examined by ground reconnaissance to orchards) have been positioned and accurately
determine the best position for observation posts located by survey, they are included on the map.
and firing positions. The gun position should be The map need not be in color if the terrain is fairly
almost on line with the observation posts so that level and there are few contour lines; however, it
the ONs do not interfere with the lateral safety should contain sufficient information on
limits. A sketch of typical battery and battalion buildings, roads, orchards, etc., which will permit
position areas is shown at figure 9-3. If the area the observer to locate targets in relation to a
offers good observation from three or four sides, known point that he can identify on the groifld
select several firing points/observation posts and on the map. The grid lines on the special map

&combinations to permit the unit to displace from are 100 meters (1000 decimeters) apart which
position to position. permits the observer to use the 1:50,000 scale

b. pln fr he argt reasholdbe drawn by observed fire (OF) fan and the coordinate scale he

the project officer and approved by the using unit wolnrmlyueitth1:000ap
commander. The plan need not be to scale; b. When labeling the grid lines on the special
however, it should show the relative location of map, use the 100-meter value (see fig 9-4). For
houses, roads, and other manmade objects to 'be example, if you are preparing a map of the range
built in the target area. A good plan will save many which is located in the shaded square of a 1:50,000
hours in organizing the work details and will allow map, you would label the grid lines of the special
several projects to be accomplished simultane- map as shown in figure 9-4, leaving off the

* ously. For example, if the plan shows four roads in 10,000-meter digit and adding the 100-meter digit.
the target area and the project officer has four
work crews, he need only to stake the start point, c. Since a temporary range may be available to
road junctions, crossroads, and terminal point. a unit for only 1 or 2 days, it is not practical to
The work crew will then be able to follow a simple construct a map of the range; therefore, the unit
sketch with minimum supervision from the project may start the service practice by constructing an
officer. As the roads are constructed, buildings can OF chart, then switching to a surveyed firing chart
be built to represent farm houses, villages and when survey is completed. Thie forward observer
towns along the roads. A house can be made of will be required to locate all targets using a shift
nine cinder blocks and a plywood roof. Thie house from a known point method until survey has
appears on the observer's map by military symbol. located his position and the OP in plotted on the
Such a structure is an excellent aid to the observer firing chart. At that time, the forward observer cang in locating targets that do not appear on the map. send polar coordinates in his call for fire (see FM
The house should not be used as a target. 6-40 for methods of target location). Survey should
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14.5-mm TRAINER RANGE start at the earliest opportunity and, if possible, beCONTOUR INTERVAL ZO0 FEETSCALE 1:5200 completed prior to the start of the service practice,
12 - negating the necessity of constructing an OF

chart. The survey party can also provide the
91 forward observer with a crude map of the area by

RM 3 drawing 500-meter grid lines between the
o i - A-/ - 1000-meter lines on a 1:25,000 grid sheet, then

-- L , , ,labeling each grid line with its 100-metere (1000
: , -, - .,._j ~decimeters) designation, plotting the critical

a o's',, points (reference points, buildings, etc.) on the grid
N 4- CAUK3sheet. The grid sheet will then become a 1:5,000

scale map with 1:50,000 grid lines. (See figure 9-6.)

8-
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FAgure 9-4. Example of a 14.5-mm range map.Di O
81 ~
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MAP 1:50.000

1000 METER GRID Pture 9-6. Special grid a/eet map.
43

42 I9-10. Survey Requirements

The battalion survey party must locate all41 critical points (buildings, road junctions,
watertowers, etc.) to the nearest 1/10 meter with

-o an accuracy of I in 500. This information will be
I required to construct the special map. All targets,

9 -firing points, reference points, and observation
posts must also be located by survey to the same

3 I-J degree of accuracy. The firing point marker shown
62 " 65 66 , , in figure 9-7 is used on a permanent range. It is a

metal rod with a flat piece of metal 12" x 6" welded
MAP 1:50.000 to it. A 3-foot piece of pipe driven in the ground 2%

100 METER GRID feet serves as a holder for the firing point marker.
- Permanent communications can be installed

- - between firing points, OPs and FDCs if the unit
uses the same combination of OPs and gun

.I positions. Reference points in the impact area are
used by the officer in charge to identify targets to

., the observer. For example, FROM REFERENCE
POINT THREE, GO RIGHT 35 MILS AND. DOWN FROM THE SKYLINE ZERO MILS WELL
PLACE YOU ON A SELF-PROPELLED GUN. A

- - - - -permanent reference point can be a piece of
telephone pole 8-feet long with 3 feet in the ground.

l- One-foot numbers on three sides permits
30 32 34 6 3 4, 42 all-round identification figure 9-8. On temporary

ranges, portable reference points, such as a (
Figure 9-6. LabeIng the special map. volleyball net pole, can be positioned in the impact

9.4



survey party should provide the battalion 83 with
a list of targets, firing points and OP. showing the
coordinates of each to the nearest 0.1 meter. The
list should also reflect the target number and
description for ease of identification. A sample
target list is shown below.

Tgt No. Coordinates (M) Alt (M) Description

21 2168.1 3826.5 391 Self-propelled
gun

22 2207.4 3794.6 389 Red 8-inch
propellant
container

23 2294.5 3788.2 392 Half-buried
white auto

Figure 9-7. Firing point marker. tire

9-11. Firing Battery Procedures

a. When the 14.5-mm trainer is mounted on the
primary weapon as a subcaliber device, the
on-carriage fire control equipment, traversing and
elevating mechanisms will be used by the crew to
lay the weapon for direction and elevation. The
chief of section, gunner and assistant gunner will
perform their duties as though the primary
weapon is being fired, except the breech is not
opened and closed. Cannoneer number 1 will load
the piece. During the conduct of an observed fire
mission, realistic commands are announced to the
section, i.e., BATTERY ADJUST, #3 1 ROUND
AT MY COMMAND SHELL HE LOT XY
CHARGE 3 FUZE QUICK DEFLECTION 3270,
QUADRANT 365 1 ROUND TIME IN EFFECT.
Each command will require the section to respond
in much the same manner as though the primary
weapon is being fired. The weapon can be serviced

Figure 9-8. Permanent reference point, by a 4-man crew-a chief of section, gunner,
assistant gunner and number I cannoneer.

b. The 14.5-mm projectile presents a burst about
1/10 the size of a 105-mm HE burst, consequently,
when the bursts are more than 5 meters apart the
observer has difficulty in spotting the center of the
two bursts for range. Therefore, when positioning
the weapons, the lateral distance between tubes
should not exceed 5 meters, except in the case of
heavy artillery when area adjustments are
conducted with a single gun. Special corrections
can be applied to fire for effect data if the weapons
are more than 5 meters apart, but it is unrealistic to
apply special corrections during the adjustment.

(c ) - c. Boresighting procedures are contained in the
instructions on installing the adapter and gun
barrel.

Figure 9-9. Temporary reference point d. During firing, the bore should be cleaned with

the steel bore brush every 10 to 15 rounds to reduce
area figure 9-9. Such a reference point need not be the possibility of a muzzle burst. There is
located by survey. The officer in charge should considerable buildup of cosmoline in the tube( determine the azimuth to the reference point prior during firing and if it is not removed there is a lose
to the conductof the service practice. The battalion in range and eventually the round will burst at the

. .... ..



muzzle. It is not necessary to remove the 14.5-mm contained in AR 75-1, which is basically to
tube from the adapter for cleaning. Remove the suspend firing immediately and notify the
bolt and swab the bore from the breech end of the ammunition officer from which the unit drew the
tube. After firing has been completed and the ammunition of the malfunction. The ammunition
adapter is removed, both the primary tube and officer will provide the OIC with necessary
14.5-mm tube must be cleaned as though firing guidance.
was done from both tubes. The adapters are f. Although no overhead firing is permitted with
cleaned using the same cleaning material as used the 14.5-mm trainer, the battery executive should
for the tube and bolt. compute the executive's minimum quadrant

e. A muzzle burst is currently considered a elevation and report it to the FDC. Crest clearance
malfunction. In the event of a muzzle burst, the for the 14.5-mm trainer is 5 decimeters. Either the
officer in charge of firing will follow the guidance tabular or graphical solution is acceptable.

Section III. GUNNERY PROCEDURES

9-12. General thousands of decimeters rather than thousands of

All information necessary to perform observer meters. For example, an observer-target distance

operations and to operate the fire direction center of 2,800 decimeters (280 meters) would result in an

will be found in FM 6-40 and TM 9-6920-361-13 OT factor of 3. The observer corrects for deviation

and P. It is important to consult these manuals by multiplying the measured deviation by the OT

since there are some unique procedures associated factor and announcing his corrections to the
with the 14.5-mm trainer nearest 10 decimeters, i.e., RIGHT 60. Thebracketing method of adjusting for range is used

by the observer. Caution should be exercised in
9-13. Observer Procedures establishing the range bracket; in many cases, the

When the observer is provided a special map as observer thinks his rounds are much closer to the
previously discussed, normal observer procedures, target than they actually are. If the rounds are 30
to include the use of the OF fan, are used for meters (300 decimeters) short of the target the
determining the location of targets. The OTfactor observer should announce ADD 400 in order to
determined by the observer is based upon obtain a range bracket.

Section IV. AMMUNITION

9-14. General b. The projectile is coated with cosmoline under

a. The 14.5-mm trainer ammunition is the cartridge case (see figure 9-10). Some of the
classified as "fixed" ammunition and is ready for cosmoline may appear on the projectile forward of
firing as it comes from the cardboard packing box. the cartridge case. Unless the exposed cosmoline
All rounds are identical in appearance except that collects dust or dirt it should not be removed. The
the fuze designation, cartridge designation, cartridge should be free of sand, dirt, moisture,
charge designation and manufacturer's lot frost, snow, ice or other foreign matter before
number are inscribed on the side of the cartridge loading. The round should notbe removed from the
case in black indelible ink. The cartridge size and cardboard box until the weapon is to be loaded in
manufacturer's identification are stamped on the order to keep the ammunition clean.
base of the cartridge case as shown in figure 9-10. c. The ammunition should be protected from the
Three types of fuze action are available for use sun, rain, dust or other damaging element in order
with the trainer: to maintain standard performance of the

(1) A point detonating (PD) fuze, M183, which ammunition. Due to the low muzzle velocity (100
produces a burst when the projectile strikes the meters per second) a small increase or decrease
ground or an object. from the standard will result in several decimeters

(2) A 3-second delay fuze M181 and a in range dispersion.
6-second delay fuze M182 which produces d. When the fuze functions it causes the
airbursts when fired at a time of flight in excess of explosive to blow off the plastic base and the
3 seconds and 6 seconds respectively. The latter "buret" appears. Since there is no fragmentation,
two fuzes are not "delay" as we think of them. They the projectile may ricochet some distance from the
are factory-set time fuzes which do not have a point of impact depending on the angle of impact
point detonating element. and the condition of the ground.
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9-16. Police of Duds LEAD PROJECTILE

Due to the nonfragmentation of the projectile, it
will appear that there are many "duds" in the
impact area after firing. Such is not the case. A
"dud" can be identified by having a black plastic
cap on the base of the projectile. If it is necessary to PO FUZE FUZE DESIGNATION COSMOLINE
move the dud for disposal by EOD personnel, use A I -CHARGE DESIGNATION
the 24-inch tongs provided in Kit A to handle the ME3 1-CARTRIDGE N
dud. Semipermanent and temporary ranges may DESIGNATION PLASTIC CAP
require policing of all projectiles after firing is LOT-14 LOT DESIGNATION PLT
completed. A projectile should be treated as a dud LPROPELLENT
until it can be determined that there is NO plastic
cap attached to the base of the projectile. When SIZE CROSS SECTION
picking up a dud with the tongs, position the
projectile in the tongs so that the plastic cap is Z MANUFACTUREP
away from the body.

Figure 9-10. 14.5-mm trainer ammunition.

Section V. INSTALLATION

9-16. Installation Instruction for the
M109A1/A2/A3/M110A2

The 14.5-mm gun barrel is mounted in the
breech of the M109A1/A2/A3 155-mm howitzers
and the M110A2 8-inch howitzers as a subcaliber
device. To mount the gun barrel and boresight the
piece follow steps 1 through 14.

ADAPTER ASSEMBLY all

Step 1: Open the breech of the howitzer and
remove the obturator group, obturstor

I - spring and firing mechanism housing
assembly. Step 2: Remove the adapter nut and washer.

9-7
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TOP KEYWAY
KEY _ (for M107/M11O)

KEY

SIDE KEYWAY
l(for M OW/IMIOAI)

Step 3: Using the 7/64 allen wrench provided,
attach the key in the appropriate keyway.
The top keyway is for the M1 10A2 8-inch
howitzer; the side keyway is for the
M109A/A2/A3 155-mm howitzers. won=.

OBTURATOR
SPRING

Step 4: Place the obturator spring over the adapter.

Step 5: Insert the adapter in the breechblock from
rear to front.

Stop 6: Place the washer on the adapter; then
tighten the nut until the spring is com-
pressed; then loosen the nut two turns.



ADAPTER
CAP

~jHEAD CAPI SOCKETI SCREWS

Step 7: Using a /4-inch alien wrench from the
mechanic's tool set, remove the four head
cap socket screws.

/MOUNTING SCREWS

ELEVATING ARC

Step 8: Using a screwdriver, remove the elevating
arc from the gun barrel.

I FINE THREAD

Step 9: Attach thread across the four witness
marks on the end of the tube.

- -k
BARREL

Step 10. Place the gun barrel in the adapter, muzzle

first.
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FINE THREAD -

Step 11: Place boresight strings on the muzzle of the Step 12: Secure the adapter cap to the body but dohowitzer, not tighten the four screws until the gun
barrel is near the center of the adapter.

J BREECH BORESIGHT

0,c

ELEVATING' i 'm
ADJUSTING P

SCREWS!

Step 13: Close the breech; remove the bolt by pulling
down on the locking cap and pulling the bolt
to the rear. Sighting through the breech
boresight disc, aline the gun barrel horizon- d d '
tal crosshar boresight string with the
horizontal crosshair string on the muzzle of
the howitzer by tightening one of the ele-
vating, adjusting screws. Boresight the
14.5-mm trainer using the distant aiming
point method.

LANYARD RING

Step 14: Replace the bolt. Turn the safety ring to the
"fire" position. Place the lanyard ring over
the rear of the breech, matching the open-
ings of the breech and the lanyard ring. The .- "
piece may be fired by pulling the lanyard
from either side.

9-10
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9-17. Instmllation Instruction for the
M102 Howitzter

The 14.5-mmn gun barrel is mounted in the
breech of the M102 howitzer as a subcaliber device.
To mount the gun barrel follow step. 1 through 8.

ADAPTER ASSEMBLYI

Step 1: Open the breech and place the adapter in
the breech recess. The gib adjusting screws
should be in the unscrewed position. Make
sure the adapter rests against the breech
ring; then tighten the gib screws.

ADAPTER
CAP

~ HEAD CAP
SOCKET SCREWS

Step 2: Using a 'A4-inch alien wrench from the
mechanic's tool set, remove the four head
cap socket screws.

MOUNTING SCREWS

ELEVATING ARC

!,Step 3: Using a screwdriver, remove the elevating
arc from the gun barrel.
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BREECH BORESIGHT DISC

ELEVATING PULL

FINE THREAD ADJUSTING ,ULL ..

Step 4: Attach fine thread across the four witness Step 7: Boresight the 14.5-mm gun in the follow-
marks on the end of the tube by using a ing sequence:
rubber band. Also place boresight strings a. Remove the bolt and install the breech boresight
on the muzzle of the howitzer. disc.

b. Sight through the breech boresight disc and
align the horizontal boresight string of the gun with
the horizontal cross-hair string on the howitzer. To

V. raise the barrel, tighten the front elevating adjusting
- "screw. To lower the barrel, loosen the front screw

- - - -and tighten the rear screws.
c. When the horizontal crosshairs are in alinement

and the two elevating screws are tight, tighten the

BARREL four head cap socket screws.
TRUNNION d. Remove the howitzer boresight strings.

e. Select a distant aiming point (DAP) at least
1,500 meters from the weapon. Sighting through the

Step 5: Place the gun barrel in the adapter and breech boresight disc aline the 14.5-mm barrel on
engage the barrel trunnions with the the DAP.
adapter slots. f. Refer the panoramic sight to the distant aiming

point. The reading should be 3,200 mils. If the reading
is not 3200, adjust it to 3,200 mils.

g. Remove boresight disc and install breechbolt.

LANYARD RING

Step 6: Lock the barrel into position by securing the Step 8: Turn the safety ring to the "fire" position.
adapter cap to the body. Do not tighten the Place the lanyard ring over the rear of the
four screws yet. breech, matching the openings of breech

and the lanyard ring.

9-12



9-18. How To Set-Up the 14.5-mm c. Install breech boresight disc. (The breech
Trainer on Tripod boresight disc is a fired cartridge case that has a

The 14.5-mm trainer has four major assemblies. 1/16-inch hole drilled in the center of the bore.)

The four assemblies are packed in their d. Attach cross thread to the muzzle.
shipping/storage chest along with maintenance e. Sight the tube onto a distant aiming point
tools and equipment (figure 9-11). To set-up the (1,500 meters).
trainer on tripod refer to figure 9-12 and perform
steps I through 11. f Aline panoramic telescope sight on the same

The distant aiming point method of distant aiming point using the tangent screws onThe istnt amin pont mtho ofthe telescope mount.

boresighting is used when the 14.5-mm trainer is
mounted on the tripod. To boresight the trainer: g. Perform the end-for-end test of the gunner's

quadrant. If the error exceeds 0.4 mils, it shoulda. Center both mount bubbles. not be used.

b. Remove the bolt.

BRONZE BRUSH1o06~-2569

PLASTIC BOX (f or spare parts)
752000-9359615 CLEANING ROD .920-017-5336

beingreplacd thru attrition bY

ICLEANING ROD
I 1004043-5441

Figure 9-11. M31 trainer in cheat.
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I BARREL ASSEMBLY
I LOCKING TLECPBRKT
ILEVER V EECP RCE

I MOUNT ASSEMBLY

* I LEG ADJUSTINGM12 SERIES ISEV
TELESCOPE SEV

SOCKETF1 4ASSEMBLY TRIPODor IMOUNT
M113 &M115 I MOUNT ASSEMBLY

TELESCOPE ~ H-----ILOCKING
HOLDER I SCREW

ASSEMBLY
orI

Ml The rear extension leg of theTELESCOPE
SUPPORT tripod mount can be extended

ASSEMBLY15 inches more than the two front
ASSEMBLYlegs for greater stability during

firing.

Figure 9L12. Mount and tripod assemblies.

Step 1: Remove the tripod assembly from the storage chest. (Note that one leg has a locking lever near the
bottom. This leg is known as the rear leg.)

Step 2: With the rear leg pointing in a direction opposite to the direction of fire, spread the twofront legsabout
55 inches apart and lock them in place by turning the leg lock levers to the outward position.

Step 3: Unlock the locking lever at the bottom of the rear leg and extend the leg about 15 inches; then lock it in
the extended position by tightening the lower locking lever.

Step 4: Place the rear leg in the ground so that the top of the tripod assembly is approximately level.
Step 5: Extend each leg until the yellow ring can be seen. (The yellow ring indicates the center of the threads;

these are two red rings on each leg which indicates the rotating collar has reached the end of the
threads. Do not turn the rotating collar beyond the red rings.)

Step 6: Remove the mount assembly and place it on top of the tripod assembly.
Step 7: Tighten the mount locking screw into the mount assembly; then open the trunnion caps.
Step 8: Remove the barrel from the chest and attach it to the mount assembly by placing the trunnions in the

recesses; then lock the trunnion caps.
Step 9: Remove the telescope socket assembly from the chest; attach it to the mount assembly by tightening

the telescope locking screw. (The socket assembly is designed to support the M I 2-series panoramic
telescope sight.)

Step 10: Level the mount. There are two level vials on the mount. With the tube pointed in the approximate
direction of fire, turn the traversing handwheel until one of the level vials is directly over the rear lag;
this one will be known as the "cross level vial." The other level vial will be near the right front leg and
will be known as the "horizontal level vial." The horizontal level vial bubble is centered by turning the
rotating collar of the rear leg. The cross level vial bubble is centered by simultaneously turning the
rotating collar of the two front legs either toward each other or away from each other.

Step 11: Place the M-1 2 series nanoramic telescope sight into the telescope socket.
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Section VI. SUMMARY

1 9-19. Adapter Aaeembmis for the M1OA1 and
M114A1/A2 Howitzer

Two additional adapter assemblies not
discussed in this text are shown below (fig 9-13).
For more information refer to TM 9-6920-361-13
and P.

Figure 9-13. Adapter assemblies for the MIOIAl and M1I4A1/A2 howitzers.

(
9-20. Review trainer allows for realistic training for gun crews,

The purpose of this chapter is to provide fire direction personnel, forward observers and
information on the use of the 14.5-mm field survey crews at a low cost. For more detailed
artillery trainer, M31. The preparation, information, concerning the M31 trainer refer to
installation, gunnery procedures, and TM 9-6920-361-13 and P and other applicable
ammunition of the trainer were discussed. The references as identified in this chapter.

t~lI



U. S. AAMY *WCXXWSHB-1O
FIELD ARTILLERY SCHOOL B- 81

Weapons Department

Fort Sill, Oklahoma

CHAPTER 10

FIELD ARTILLERY DIRECT FIRE TRAINER

Section I. General

10-1. References direct fire trainer (ADFT) the howitzer section was
TM 9-6920-357-10-2. totally dependent on the chief of section during dry

fire training to tell them whether they hit the
10-2. Introduction target or not. There was no realism in this type of

a. For the first time in the history of the Field training and very little if anything was gained.
Artillery, a direct fire trainer (fig 10-1) has been With the ADFT the section can actually see where
designed and built specifically for the artillery, their round would have landed and make actual
Prior to the development of this field artillery corrections in order to achieve a hit on the target.

Figure 10-1. Field Artillery direct fire trainer.

b. The ADFT is a helium-neon gas-type laser, c. The laser beam is safe when the trainer is
which produces a single, bright burst of intense red operated in the FLASH MODE.
light when activated (fired). This visible red spot d. The purpose of the ADFT is to provide an
enables the crewmen to determine if a target hit economical means of direct fire training for all
was achieved and if not an adjusting point for the members of a howitzer section. This training will
next round (beam of light) to be fired. allow them to become proficient in engaging any

targets in the direct fire mode that come within the
Note. (Caution) Eye damage can occur when sections direct fire range capability.

the trainer is operated in the CONTINUOUS
MODE. Staring into the laser output or at the laser 10-3. General Chaacteristics
light reflection from a mirror-like surface can be a. The ADFT uses the M55, Trainer, Laser
hazardous out to a range of 4 kilometers. Gunnery which was originally designed to be used

*Supersedes HB-10 WCXXWS, Dec 80.
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on TANKS and ARMORED RECONNAIS- (1) Target mounting board.
SANCE vehicles. Together they are used to train
personnel in fire-adjustment and tracking (2) Target mounting board support ammbly.
operations while engaging both stationary and (3) Shipping container.
moving targets on a 1:10(1/10) scale for range and (4) Boresight target assembly (for appropriate
speed (e.g., 40 to 160 meters represents 400 to 1600 weapo calibe r

meters) and (e.g., 0 to 2.5 mph represents 0 to 25 weapon caliber).
mph). (5) Target assembly moving.

b. The ADFT and Laser can be mounted on the (6) Target assembly stationary.
following weapons: b. The M55 Laser must be boresighted with the

(1) 105-mm Howitzer M101A1. weapon prior to operation. Boresighting
procedures for the Laser and weapons are outlined

(2) 105-mm Howitzer M102. in the appropriate TMs.
(3) 155-mm Howitzer M109A1/A2/A3. 10-5. Controls and Indicators
(4) 155-mm Howitzer M114A1/A2. The ADFT can be operated in either of two
(5) 155-mm Howitzer M198. modes (fig 10-2) continuous or flash. The

continuous mode is used primarily for
boresighting the weapon or tracking a moving

c. The ADFT and M55 Laser with all equipment target. The flash mode is used when simulating
(e.g., power distribution box, CA66 assemblies and firing. In either mode the TRIGGER ON and
targets) are packaged in two containers weighing LASER ON indicator lamps illuminate as long as
a total of 441 pounds. The trainer requires 24 + 6 the gunner's firing lanyard switch is activated.
volts Direct Current. The optical system or the M55
is a fixed-focus type out to a range of 200 feet. 10-6. Mounting of the ADFT

10-4. Components of the Target B d The procedures for mounting the ADFT are
covered in TM 9-6920-357-10-2. Procedures are

a. The target board may be used in either a basically the same for each weapon system;
stationary or moving mode. It can be employed at however, the TM should be reviewed prior to
distances between 40 to 160 meter (1/10 scale 400 attempting to install the trainer on any weapon.
to 1600 meters) from the Weapon/ADFT. The The same mount assembly (C Clamp) is used on all
target board comes complete with mounting weapons except the M114 which uses a special
bracket to mount it in a 'A-ton trailer M416. The adapter assembly (bar). Power can be supplied
followingkams are included with the target board: from any vehicle that has a 24-volt DC system.

FIRE-k FIRE

LASER LASER

SAFE "* SAFE - -

FLASH-, FLASH-N

MODE MODE

CONT-_  'U CONT -

TRIGGER - TRIGGER
ON- ON-

LASER ON - 0~ LASER ON ©o
CONTINUOUS MODE FLASH MODE

REAR CONTROl PANEL

Figure 10-2. Rear control panel switch settings for mode of operation.
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Section 11. SUMMARY

10-7. Review fire accurately will depend on the degree and
Although artillery batteries are normally quality of training that he has received. The ADFT

associated with the delivery of timely and accurate provides us with the means to effectively train our
indirect fires, there may come a time in every cannoneers in direct fire procedure, without the
cannoneer's life that heis required to deliver direct expense normally associated with live fire
fire for self protection. His ability to deliver this tring
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U. S. ARMY *WCXXWSHB-1I
FIELD ARTILLERY SCHOOL Dec 81

Weapons Department
Fort Sill, Oklahoma

CHAPTER 11
FIELD ARTILLERY AMMUNITION

Section I. GENERAL

11-1. References Charges Combination Charts.

a. TM 9-1300-200, Ammunition, General. 11-2. Introduction
b. TM 9-1300-206, Ammunition and Explosives Ammunition is artillery; the weapon is merely

Standards. the means of projecting and directing the projectile

c. TM 9-1300-214, Military Explosives. to the target. For the artilleryman to achieve

d. TM 9-1300-251-20, Organizational maximum efficiency from his ammunition, he

Maintenance Manual: Artillery Ammunition for must-

Guns, Howitzers, Mortars, Recoilless Rifles, and a. Know the characteristics of the explosive
40-mm Grenade Launchers. trains.

e. TM 43-0001-28, Artillery Ammunition for b. Know the capabilities and functions of
Guns, Howitzers, Mortars, and Recoilless Rifles. ammunition.

f. TM 43-0001-28-2, Artillery Ammunition c. Be able to identify and properly handle the
Cartridge/Projectile-Fuze and Propelling various components of ammunition.

Section II. CLASSIFICATION OF AMMUNITION
11-3. Artillry Ammunition without a fuze or with a fuze unauthorized for that

a. Ammunition is that class of supplies usually type of round could result in an inbore premature
containing a propellant and/or explosives or burst or some other hazardous condition that could
chemicals. It includes small-arms ammunition, cause serious injury to personnel and damage to
artillery ammunition, mines, bombs, and other equipment.
contrivances charged with propellants, d. There are many technical manuals (Tils)
explosives, pyrotechnics, initiating composition, available to assist you in learning about field
or nuclear or chemical material. artillery ammunition. Some of these manuals are

b. The dividing line between artillery listed below-
ammunition and small-arms ammunition is 37 (1) TM 9-1300-200, Ammunition, General,
millimeters (mm). Ammunition for weapons contains information on the classification and
greater than 37-mm is considered artillery identification of ammunition.
ammunition; ammunition for weapons of 36-mm (2) TM 9-1300-206, Ammunition and
or less is considered small-arms ammunition. Explosives Standards, contains specific

c. A complete round of artillery ammunition information on the proper care, storage and
consists of four components-the primer, the handling, marking, preservation, and destruction
propellant, the projectile, and the fuze. Activation of ammunition.
of the primer, either by percussion (firing pin) or by
electric current, ignites the propellant (powder (3) TM 9-1300-214, Military Explosives, is a
charge). The rapid expansion of gases caused by comprehensive manual on the history,
the burning propellant propels the projectile from development, characteristics, capabilities, and
the tube toward the target or point of burst. Upon uses of standard military explosives.
impact or at a predetermined time, the fuze (4) TM 9-1300-251-:20, Artillery Ammunition
initiates an explosive train in the projectile which for Guns, Howitzers, Mortars, Recoilless Rifles,
causes the projectile to produce the desired effects. and 40-mm Grenade Launchers, is one of a series

WARNING: Do not fire an artillery round of of technical manuals on the service and
any caliber without using the fuze authorized for maintenance of ammunition required to support
that particular type of round. The firing of a round organizational-level maintenance of artillery

*Supersedes HB-11 WCXXWS, Dec 80.
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ammunition in calibers ranging from 37 provided for light artillery weapons for such
millimeters through 8 inches. Artillery purposes as firing salutes and simulated fres. It
ammunition, as it is defined in this manual, has no projectile.
includes conventional and improved conventional d. Drill ammunition. Drill (dummy)
munitions for guns, howitzers, mortars, recoilless ammunition is used for training in handlig anddries, and 40-mam grenade launchers. muiini sdfr riigmhnln n

(5)les, TMd 4301- 2 grenarlluner .Amloading (service of the piece). It is completely inert.(5) TM 43-0001-28, Artillery Ammunition,

contains specific information on all current types 11-5. Classification of Ammunition
of artillery ammunition and their components. According to Type

(6) TM 43-0001-28-2, Artillery Ammunition: Classification of ammunition according to type
Cartridge/Projectile-Fuze and Propelling is based on the manner in which ammunition
Charges Combination Charts, contains a components are assembled for loading and firing;
comprehensive listing of authorized cartridge/ complete rounds of field artillery ammunition are
projectile fuze and propelling charges known as either semifixed or separate-loading
combinations and interchangeability data for rounds.
conventional ammunition. Table 11-5 of this a. Semifixed ammunition is characterized by an
chapter, which shows some of cartridge/ adjustable propelling charge. The propellant is
projectile-fuze combinations for field artillery divided into increments, or charges, and each
howitzers, is a modified extract of TM incrementofpropellantiscontainedinaclothbag.
43-0001-28-2. The increments, or charges, are tied together and

e. In addition to the technical manuals listed are stored in the cartridge case, which is loosely
above, a technical manual is published for each fitted to the projectile. The howitzer crew adjusts
artillery weapon. This manual lists, among other the propelling charge by removing the projectile
things, the firing table to be used; describes the from the cartridge case, removing those
classification, identification, marking and increments not required, and returning the
packing, and type of ammunition available; and projectile to the cartridge case. The primer is an
outlines the preparation of a complete round of integral part of the cartridge case, and thus the
ammunition for the weapon. complete round can be loaded into the weapon in
11-4. Classification of Ammunition one operation. Semifixed ammunition is used in

According to Use 105-mm howitzers and may be issued fuzed orunfuzed.
Ammunition is classified according to use as

service, practice, blank, or drill ammunition. It Note. The high-explosive plastic tracer
also may be classified according to type of filler as (HEP-T) round does not have an adjustable
explosive, chemical, or inert, propelling charge, but it is considered semifixed

a. Service ammunition. Service ammunition is ammunition. It is used against enemy tanks. Thea. Srvie amumton.Servce mmuitio is "-Tin the abbreviation indicates that the round is
fired for effect in combat. Depending on the type of equipped with a tracer eiement to alow the gunner

projectile, service ammunition may be tocorrecthis aim against enemy tanks.

high-explosive (HE), chemical (gas, smoke, or to c epaa ain amntins f

illuminating), canister, high-explosive plastic, b. Separate-loading ammunition has four
antipersonnel (APERS) flechettes (darts), or separate components-primer, propellant,
improved conventional munitions (1CM) rounds. projectile, and fuze-and the components are

issued separately. At the firing point, the eyebolt
b. Practice ammunition. Practice ammunition lifting plug is removed from the projectile, the fuse

is fired in simulated combat and is used for is installed, and the fuzed projectile is then loaded.
training in direct fire procedures. The projectile in The primer and propellant are loaded in two
practiceammunitionmayhaveasmallquantityof separate operations. Separate-loading
low-explosive filler to serve as a spotting charge, ammunition is designed for use in large-caliber
or it may be inert. guns and howitzers, such as the 155-mm and

c. Blank ammunition. Blank ammunition is 8-inch howitzers.

Section III. EXPLOSIVE TRAINS

11-S. Definition of Explosve Train conventional round of artillery ammunition-a
An explosive train is a designed arrangement of propelling charge explosive train and a projectile I

a series of explosives beginning with a small explosive train (fig 11-1). A projectile reaches the
quantity of sensitive explosive and progressing target by the power obtained from the propelling
through a relatively large quantity of charge explosive train; however, the function of
comparatively insensitive, though powerful, the projectile in the target ares depends on the type
explosive. There are two explosive trains in each of filler in that projectile; that is, high-explosive,
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chemical, or antipersonnel filler. For example, a which consists of a primer, an igniter, and a
complete round of conventional high-explosive propellant, and the bursting charge explosive
artillery ammunition contains two explosive train (projectile explosive train), which consists of
trains-the propelling charge explosive train, a fuze, a booster, and a bursting charge.

CAMUMO 49 M R M -POjECTILE AT ISTANT AFTER StRiK*IW
TARGET SU ROLICK ACTION'

FZE AND BOOSTER f( NCTJON.NC
flRSTIN6 CHANGE ABOUT

TO AeRt MOIECTItf

C-UN BARREL
BIWSTIN

PROISOJICTIL -SUFI
TEAT R[0 FRO. BOOSTER

MOKLUN
I  

ARTR IOU~ CASE mi

ONVERTED TO UPLO tOWER D{TONATOR

-; 'Cv EL / LEMENT ,'9I&N
PfOVIE TloT

FEING)

Figure 11-1. Two explosive trains in a high-explosive round.

11-7. Propelling Charge Explosive Train powder is very hygroscopic and subject to rapid

a. Primers. The propelling charge explosive deterioration on absorption of moisture; however,
train is initiated by a small amount of a very if it is kept dry, the powder will retain its explosive
sensitive explosive, such as fulminate of mercury, properties indefinitely. The controlled burning of
lead azids, or lead styphnate, used as the the propellant inside the powder chamber is called

percussion element, or primer. The primer must be deflagration.
sensitive to shock, friction, spark, or flame and, (1) The igniter for a round of semifixed
therefore, they must be protected and separated ammunition is an integral part of the primer. It
from other components. The primer for semifixed consists of a perforated tube filled with black
ammunition is an integral part of the cartridge powder and permanently mounted in the cartridge
case and comes with the complete round and case.
remains with it at all times. The primer for a round
of separate-loading ammunition comes as a (2) The ignitr for a round of separate-loading
separate item of issue and it must be stored ammunition consists ofa red pancake-shaped bag
separately. This primer is not added to the of either black powder or clean burning igniter
complete round until the fuzed projectile has been (CBI). The igniter bag is sewn to the base charge of

* rammed into the powder chamber, the powder the propellant.
charge added to the chamber, and the breechblock c. Propellants. A propellant undergoes
closed; then the primer is inserted into the firing autocombustion only on the surface; the burning
mechanism and placed in position to fire the progresses as though the powder grain (fig 11-2)
round. consisted of very thin layers-each layer burning

b. Igniters. A charge of propellant in a powder and igniting the next layer. Under conditions of
chamber is ignited when the voids between the constant pressure, the burning progresses through
grains of powder and the perforations in the the powder at a steady linear rate peculiar to the
powder grains are filled with flaming gas and hot composition of the powder being i.sed. The mass
particles. For many years, this ignition action has rate of burning of a propellant charge is
been performed by the use of black powder, but, determined, to a great extent, by the physical form
recently, the introduction of clean burning igniter of the powder grain. Thus, through control of the
(CBI) has been used in lieu of black Dowder. Black form of the powder grain, the ballistic effect of a
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propellant charge is determined and kept within propelling charges has long been a problem for
certain limits. Basically, the greater the capacity artillerymen because it reveals the location of the
of the powder chamber of an artillery weapon, the gun position. Improvement in propellant
greater the size of the powder grain that is used. compositions has largely reduced the smoke

(1) Forms of powder grain. The forms of problem but has created the problem of increased
powder grain used in current field artillery muzzle flash, which reveals the location of the gun
cannons are the single-perforated and the position at night. Whether a propelling charge is
multiperforated propellant powder grains (fig actually flashlem and/or smokeless depends on a
11-2). number of things-the weapon in which the

charge is used, the type of ignition used, the wear
(a) Single-perforated grain. As the on the tube of the weapon (tube wear), the

single-perforated powder grain burns, the outer temperature of the tube of the weapon, and the
surface decreases and the inner surface increases quantity and design of the propellant. Under
(fig 11-2). As a result of these two actions, the standard conditions, flashless ammunition does
initial diameter of the perforation can be not flash more than 5 percent of the time in
controlled so that the total burning surface weapons of average life; smokeless ammunition
remains nearly constant until the powder gran produces less than half the amount of smoke
has been consumed. Such burning is called neutral produced by ammunition not so designated. A
burning, complete round having both these characteristics

(b) Multiperforated grain. When the is designated flabhless-smokeless. Solvent is
multiperforated powder grain burns, the total added to the finished powder grains to give the
surface area increases because the perforated smokeless characteristic. A cooling agent is added
grain burns from the inside and outside at the to the propellant to cool the unburned gases below
same time (fig 11-2). This type of burning is called the kindling temperature and thereby reduce the
progressive burning. When a multiperforated flash.
grain is not completely consumed, portions of the (3) Flash reducers. Since it is necessary to use
grain remain in the form of slivers and normally some propellants with a high rate of burning so
are ejected as such from the weapon. that the muzzle velocity will not be impaired, flash

reducers containing black powder and potassium(c) Usage. Both the single-perforated and sulfate are used to further reduce or to prevent
the multiperforated powder grains are used in field flash. Flash reducers are used at night to reduce
artillery cannons to obtain the optimum muzzle flash; they are also used during day and night
velocity-chamberfiring with ertain weapons to speed up the
the exact design and composition of the green bag combustion of unburned propelling charge gases
and white bag powder charges used for the and thus prevent excessive muzzle blast. Table
155-mm and 8-inch field artillery weapons. 11-1 contains special instructions on the use of

(2) Flashless-smokekss owder. Smoke from flash reducers with certain propelling charges.

055 IN
-I I '

4oG

Figure 11-2. Form. of pouder &rain.
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Table 11-1. Arrangement and Identification of Separate-Loading Propelling Charges
for 155-mm and 8-Inch Howitzers

Propelling Min Max
Weapon Charge Charge Charge Propellant configuration Remads

M3A1 1 5 Green bag. Base charge plus incre- A flash reducer pad is assembled on
(Note 1) ments 2, 3. 4, and 5 are of single- manufacture in front of increments

perforated propellant. 1, 4, and 5.

155-mm M4A2 3 7 White bag. Base charge plus incre- Flash reducer pad is assembled on
howitzer (Note 1) ments 4, 5, 6, and 7 are of multiper- manotfacture forward of increment

forated propellant. 3.

MI 19 and 8 8 White bag. Basechargeonly. Charge The basic difference between
M1l19A 8 has a small circular igniter pad at Ml19 and M119AI is that the
(Note 2) thebase, withanignitercorelength- M1 19A1 has a donut-shaped flash

wise through the center of the reducer that precludes non-ignition
charge with benite ignition strands, of the rocket motor of the M549/
a sheet of lead foil, a laced jacket, M549A1 projectile.
and a flash reducer pad at the end of
the charge.

M 119A2 7 7 Red bag. Base charge only. Charge7 Flash reducer has been added to
(Note 2) has a large igniter pad sewn to the four longitudinal pouches affixed

base; but no igniter core through along the propelling charge 90°

center of the charge. Muzzle velocity apart.
of this charge is approximately the
same (within 6 fps) as the M1 19 and
M119A1 charges.

M203A1 as 8S White bag with a red jacket. Base 1. This new super charge cannot
(Note 3) charge only. Charge SShasacentral be used with the M712 COPPER-

core black powder ignition train. HEAD (CLGP) or older, stockpiled
Wear reducing additive, decoppering projectiles; i.e.. M1 07 HE round and
agent, and flash reducer material are family.
included with the charge of M3OA1 2. When fired with the M549A1
high energy, multiperforated pro- RAP round, a 30 km range is
pellant. achieved with the M198 howitzer.

MI 1 5 Green bag. Base charge plus incre- Flash reducer is not required.
ments 2, 3, 4. and 5 are of single-
perforated propellant.

8-inch M2 5 7 White bag. Base charge plus incre- Flash reducer M3 is to be used with
how... r ments6and7areofmultiperforated this propellant and is a separate

propellant, item of issue. One flash reducer pad
is placed at the forward end of the
propelling charge, under the pro-
pellant straps.

Miss 8 8 Whitebag.Basechargeonly.Charge This charge is to be used in the
(Note 4) 8 has an igniter core lengthwise M 11OA2 SP howitzer (long tube)

through the center of the charge only; it has not been authorized
with ignition (benite) strands, to be fired in any short 8-inch

howitzer tube.

Ml ISA1 8 9 White bag. Base charge (8) and Do not fire Charge 9 in a long tube
(Note 5) increment 9. The charge has an without the muzzle brake in place.

igniter core lengthwise through the
center of Charges 8 and 9 with
ignition (benite) strands.

Notes.

1. See TM 43-0001-28 or the technical manual for the 155-mm weapon for information on the older green bag
powder charge M3. the older white bag powder charges M4 and M4AI. and the use of the M2 flesh reducer with the
white bag powder charges.

2. M119-serieq propelling charges (M119, M119AI, M119A2) are authorized for use in the long tubes M109AI,
M109A2. and A3, and the M198 howitzers. NOT AUTHORIZED FOR USE IN SHORT 155-MM TUBES SUCH ASTHE
M114, M14A. M114A2, OR THE M109 HOWITZERS.

3. M203A1 propelling charge authorized in the Ml 98 weapon only at this time. THIS CHARGE NOT AUTHORIZED IN
SHORTTUBES SUCH AS THE M1 14. Ml 14A1. M1 14A2, M1 09. or the long tubes of the M109AI /A2/A3 howitzers.

4. Authorized in M 10A2 cannons with M201 tubes only. NOT AUTHORIZED IN ANY SHORT TUBES.
5. Charge 9 authorized in M 110A2 cannons with muzzle brake; Charge 8 authorized in MI 10A1 or Ml 10A2 cannons.

4 " THIS CHARGE NOT AUTHORIZED IN ANY B-INCH SHORT TUBES
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d. Arrangement and identification of propelling 8-inch howitzers) consist of a base charge and a
charges. Field artillery cannon fire semifixed or number of additional increments packed in either
separate-loading ammunition and the form in green bags (for inner zones) or white bags (for
which the propelling charge is assembled depends outer zones). A recent innovation in the 155-mm
upon the type of weapon in which it is to be fired. charges is the introduction of the M203A1 charge

( Most of the propelling charges 8S that will have a red jacket on it to distinguish it(1) Ser/mfixed. Mo st of the from other high zone charges. The configuration
dual-granulation type charge, which consists of and size of the powder grains (fig 11-2), which
two increments of single-perforated grains determines the force of the propelling charge, and
(increments and 2) and five increments of the arrangement of the charge are designed to take
multiperforated grains (increments 3 through 7). advantage of the versatility of the weapon, assist
Other types of 105-mm charges are used with the in extending the life of the tube, and minimize the
following projectiles- wasted propellant. The arrangement and

identification of separate-loading propelling
(a) The antipersonnel cartridge with tracer charges for 155-mm and 8-inch howitzers are

(APERS-T), also referred to as the Beehive round, shown in table 11-1.
has only two powder increments in the cartridge
case. These two increments consist of the base 11-8. Projectile Explosive Train
charge 6 and increment 7. Every complete round fired to the target by the

(b) The high-explosive rocket assisted propelling charge explosive train also has a
cartridge (HE-RA) contains a five-increment projectile explosive train to deliver the payload
white bag charge of dual-granulation propellant (filler) on to the target. There are many different
(increments 3 through 7). types of fillers to include high-explosive, chemical,

gas, smoke, illuminant, grenades, and
(c) The high-explosive antitank cartridge antipersonnel fillers. The projectile explosive train

with tracer (HEAT-T), the high-explosive plastic is activated by a fuze. In some rounds, the fuze has
cartridge with tracer (HEP-T), the target practice a booster, which amplifies the action of the fuze so
cartridge (TP), and the target practice cartridge that the complete round is detonated (as in a
with tracer (TP-T) contain a single, nonadjustable conventional high-explosive round) or the burster
propellant charge. The M622 HEAT-T round is tube is detonated (as in a chemical round, or white
issued complete with the cartridge case crimped to phosphorus round). In other rounds, the fuze starts
the projectile; the other projectiles (HEP-T, TP and the action and then the expelling charge ejects the
TP-T) come with the cartridge case at one end of payload in the target area (as in a base-ejection
the fiber container separated from the projectile smoke round or an illumination round for a
which is located at the other end of the same fiber 105-mm or 155-mm howitzer) or ejects a series of
container. The cannoneers must open each end, grenades (as in the improved conventional
remove, inspect, and assemble the projectile to the munitions rounds for all calibers of howitzers).
cartridge case.

(2) Separate-loading. The propelling charges a. Bursting charge explosive train. The second
for all separate-loading weapons (155-mm and explosive train in a conventional round of

FUZE BOOSTER BURSTING CHARGE

SUPPLEMENTARY CHARGE

Note. The supplementary charge is removed when the long intrusion proximity (V) fuze Is uced.

Figure 11-3. Burstin charge exploie train.
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high-explosive ammunition is a bursting charge capability of the 105-mm, 155-mm, and 8-inch
explosive train (fig 11-3). It consists of a fuze, a howitz rs. This latest type of HE roukd is knnwn
booster, and a bursting charge. The bursting as the high-explosive, rocket-assisted (RE-RA)
charge is either trinitrotoluene (TNT) or projectile or simply as the rocket-assisted
composition B (comp B). When the booster projectile (RAP). Rocket-assisted projectiles have
amplifies the detonation of the fuze through the high-fragmentation steel cases and are filled with
explosive in the booster, the bursting charge composition B or TNT. This combination produces
explodes with a high order of brisance and many more fragments that are scattered over a
shatters its immediate surrounding area, which in larger area when the projectile explosive train
this case is the projectile itself. The blast effect of functions. Production of the HE-RA 105-mm
the bursting charge and the fragmentation of the projectile has been discontinued, but the HE-RA
projectile send many small, ragged, sharp, 155-mm projectile M549A1 and the 8-inch
irregularly shaped metal pieces flying all over the projectile M650 RAP are being produced. Some of
target area. The bursting charge of a the characteristics and capabilities ofthe155-mmhigh-explosive projectile requires a powerful high-explosive RAP round are an follows:
explosive force for detonation. The standardhighexposiv filer curenty inuseare(a) An integral rocket motor, positioned to
high-explosive fillers currently in use are hhexplosi Ra nd ar e follows:
trinitrotoluene (TNT) and composition B. Comp B the rear and in tandem with the projectile,
produces 40 percent more fragmentation than contains a solid-grain propellant, an ignition
TNT when used in standard high-explosive delay assembly loaded with a pyrotechnic delay
rounds. Special HE fillers include composition A3 mixture, and an on-off selector cap. With the
(comp A3), a high-explosive plastic, tritonal, a selector cap removed, the propellant gases ignite
mixture of TNT and aluminum powder; tetryl; and the pyrotechnic delay mixture, which burns for 7.6
tetrytol. The uses of these fillers are discussed seconds before igniting the rocket motorybelow. propellant, which burns for 3 seconds (fig 11-4).

(1) Trinitrotoluene and composition B. (b) The M549/M549A1 RAP round may be
Trinitrotoluene or composition B is used in fired in any 155-mm howitzer tube except the
standard high-explosive projectiles to produce M114A1 towed weapon. The M549 projectile is
fragmentation, to cause casualties and destroy filled with Composition B, and the M549A1 is filled
material, or to destroy the enemy fortifications by with TNT.
concussion. Most standard high-explosive (c) The RAP round will achieve a range of
projectiles have a supplementary charge in the 19,400 meters when fired in the M109 or M1)4A2
fuze cavity. The supplementary charge must be howitzers. It will achieve a range of 23,500 meters
removed whenever one of the long intrusion when fired in the M1O9AI tube and with the
proximity (VT) fuzes (M513, M514, or M728 series) M119A1 charge. The M549A1 RAP round fired inis used; it must be left in place, or replaced, if an the M198 tube with the M203 propelling charge
impact, mechanical time, or the new short will obtain a range of 30,000 meters.
intrusion proximity (VT) fuze M732 is used. In the
late 1960s and early 1970s, a different type of HE (d) The firing of either the M549 or M549A1
round was de~veloped to extend the range RAP projectile has certain limitations for safety.

I ROKETMOTOR BURSTING CHARGE

BOOSTER

lfure 11-4. Pojectile, 155-mm: HE-RA, M59,/M549A1.
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These limitations are found in TM 43-0001-28. inoperable. There are three types of antipersonnel
Some of these limitations are as follows: rounds used by the field artillery today-the

1. The M549/M549A1 cannot be fired if flechette round, commonly called the Beehive
round, and the two new types of ICM rounds. Theantipersonnel (APERS) M546 round differs from

2. The M549/M549A1 will be fired the rest of these rounds in that its payload is
rocket-on only (rocket-off cap removed). There are ejected forward whereas the payloads of other
no firing tables for rocket-off firing of these rounds are ejected through the base of the
projectiles, projectile. In all these rounds the action starts with

3. The M549 model cannot be fired with the fuze and culminates in the pressure of the
the M203 propelling charge. Use of the M728 burning expelling charge forcing the payload on to
proximity fuze and the M549A1 projectile with the the target.
M203 propelling charge is prohibited-inbore (1) APERS M546 (flechette) round. The
premature may result. See the TM as listed in APERS M546 flechette round, commonly referred
paragraph (d) above for other limitations on fuzes to as the Beehive round (fig 11-6) is intended
and propelling charge combinations. primarily for antipersonnel use at close and long

(2) Composition A3. Composition A3 is used ranges. It is effective against personnel in the open
with the HEP-T antitank round M327. This round or in dense foliage. The projectile consists of a
is a thin-walled, plasticized, high-explosive filled, two-piece aluminum body, an aluminum fuze
base-detonating fuzed projectile that gives adapter, and a hollow steel base. The fuze adapter,
optimum penetration on slanted surfaces. which is threaded to the body, contains four

radially oriented detonators, a flash tube, a relay,
(3) Tritonal. Tritonal is a high-explosive filler and an axially oriented detonator. A central steel

consisting of TNT and aluminum powder and is flash tube extends from the projectile base to the
used in the spotting round for the 8-inch howitzer. detonator in the fuze adapter. The projectile body

b. Bursting tube explosive train. The second is loaded with 8,000 8-grain steel flechettes (darts).
explosive train in a chemical round of gas or white A mechanical time fuze is assembled to the
phosphorus is a bursting tube explosive train (fig projectile. On firing, the fuze starts to arm
11-5). It consists of a fuze, a booster, and a small immediately and will function as set: either on
burster tube filled with tetryl or tetrytol. This tube leaving the cannon muzzle (called muzzle action
extends through the longitudinal axis of the (MA)) or at a preset time. When the fuze functions,
projectile. The shell contains gas or white the four radially oriented detonators, the smoke
phosphorus filler. When the fuze functions, the marker pellet, and the axially oriented detonator
booster so amplifies the shock wave that the and relay in the fuse adapter are activated. The
burster tube breaks open the projectile; thus the explosive force of the radially oriented detonators
chemicals escape from the interior of the projectile rips open the forward skin of the projectile ogive
and spread throughout the target area. These and the flechettes in the forward section of the
rounds are available for 105-mm and 155-mm projectile are dispersed by centrifugal force. At the
howitzers. The 8-inch howitzer does not have a same time, the axially oriented detonator and
white phosphorus round but has a gas-type relay cause a flame to flash down the flash tube
round-the M426-that can be filled with either and ignite the base expelling charge. The pressure
GB or VX (table 11-5). built up by the burning of t e base expelling

charge forces the flechettes and black marker dye
Fu in the rear of the projectile forward and out of the

projectile.

WARNING: Firing Beehive rounds over the
heads of exposed friendly troops is piohibited.

(2) Illuminating round. Inuminating rounds,
which are available for 106-mm and 156-mm
weapons only, are used for signaling or for

Pigur 11-5. Bursting tube explosive train. illuminating a designated area. The projectile is
made from a steel forging and is fitted with a soft

c. Expelling charge explosive train. The second metal rotating band, a pinned base plug, an
explosive train in the antipersonnel, smoke, expelling charge, and an illuminating canister
illumination, and the improved conventional and parachute assembly. The pl.ajectile is fitted
munitions (ICM) rounds is an expelling charge with a mechanical time fuze. The 155-mm
explosive train. The term "antipersonnel" refers to illuminating round has a primary expelling
items that have been designed to destroy or maim charge, a drogue parachute, a delay element in the
personnel or to destroy materiel or render it main illuminant canister, a canister asembly
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RELAY AXIALLY OIETE DETONTO FLA, TUBE TRACER

figure 11-6. APR8 M546 flechette (Beehive) round.

with antirotational brakes, and a main parachute. (3) Smoke round. Smoke rounds, which are
The 105-mm illuminating canister body has available for the 105-mm and 155-mm howitzers
antirotational brakes but the round does nothave only, are used for screening, spotting, and
a drogue parachute. When the fuze functions on signaling purposes. The base-ejection smoke
either of the illuminating rounds, the expelling round is similar in external configuration to the
charge is ignited and the canister with parachute high-explosive rounds, and the projectile is fitted
is ejected into the airstream. The antirotational with a mechanical time fuze. The projectile is made
brakes slow the spinning of the canister (the delay from a hollow steel forging, which contains a black
element ignites the main expelling charge of the powder expelling charge, a steel baffle plate with a
155-mm illuminant while the drogue chute slows flash hole, three smoke canisters (105-mm) or four
the forward speed) and the main parachute lowers smoke canisters (155-mm) cardboard spacers, and
the burning illuminant to the ground. athreadedstelbaseplug.Thesmokecanistersare
Characteristics of the illuminants are as follows: steel encased, have a centrally located flash tube,
Weapon ............. lO-am 155-mm and contain HC (white) smoke. The fuze ignites the
Projectile ........... M314A3 M485 expelling charge and concurrently ignites the
Burning time. .60 seconds 120 seconds smoke canisters and produces gases that blow out
Candlepower ...... 450,00 1,00seond the base plug and eject the burning canisters into
Rate of descent ... 30 feet per 15 feet per the airstream. The canisters emit smoke for a

second second period of 40 to 90 seconds.

BAPIN G (IOoYxAt'i, PIN
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Agure 11-7. Improved conventional munitions (ICM) round.
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Figure 11-8. Improved conventional munitions grenade M30.

(4) Improved conventional munition, Pounds. used as the filler for each typeof projectile. In both
There are two types of 1CM rounds available for cam, the projectile in meey the meana of
field artillery howitzers; the old single-purpose transporting the grenades to the target area; it is
antipersonnel round for the 106-mm, 155-mm, and the grenades that do the work.
8-inch howitzers and the new dual-purpose
antipersonnel-antimateriel round for the 156-mm (a) Antipersonnel round. The grenade used
and 8-inch howitzers. There is no antipersonnel- in the antipersonnel round contains a steel ball

*antimaterlel round for the 106-mm howitzer. The filled with explosive; when the grenade strike. the
basic differtence between the new and old rounds is target, it hurls the ball 5or 6feet into the air, where
the type of grenade (antipersonnel-antimaterel) it detonate. and scatters ove the taoge ame. The

11-10



TI

ftgwe 11-9. Improved conventional mititiona grenade M42.

105-mm projectile contains 18 grenades M39 (fig (b) Antipersonnel-antimateriel round. The
11-7). The 155-mm projectile contains 60 grenades grenade used in the antipersonnel-antimateriel
(M43 series) and the 8-inch projectile contains 104 round is the dual-purpose grenade M42 (fig 11-9).
grenades M43. When the fue on the projectile This grenade has a high-explosive shaped charge
functions, it ignites the black powder expelling and is equipped with a ribbon streamer which
charge in the projectile. The burning black powder arms the grenade after it has been expelled from
builds up pressure that forces all of the grenades the projectile in a manner similar to that described
out through the base of the projectile. Small vanes in (a) above. The ribbon also keeps the grenade in a
on each grenade flip upward and arm the grenade vertical plane as it falls to the target. When the
(fig 11-8). The vanes keep the armed grenade in a grenade hits the target, the high-explosive shaped
vertical position as it falls through the air so that charge is detonated. The shaped charge is very
the striker plate at the base of the grenade strikes effective against materiel or personnel. The M483
the target area. This action causes the expelling projectile for the 155-mm howitzer contains 88
charge in the grenade (fig 11-8) to hurl the steel shaped-charge grenades, and the M509 projectile
bell 4 to 6 feet in the air and detonate the high for the 8-inch howitzer contains 180 grenades.
explosive, which blows the metal ball to bits and
scatters the fragments over the target area& (5) Family of scatterable mines (FASCAM)



rounds. There are four base ejection type now to be completely armed. Disturbance of a trip
projectiles used in the 155-mm long tube cannons line completes an electronic firing circuit. A thin
that are known as the FASCAM projectiles..All layer of liquid propellant which by gravity rests
four of these projectiles are painted olive drab with under the kill mechanism is initiated, shattering
yellow markings to include yellow triangles the plastic munition body and projecting the
around the ogive of the projectile. Two of these spheroid kill mechanism upward. At a position 2 to
projectiles contain 36 each antipersonnel mines, 8 feet above the ground the kill mechanism
and 2 of them contain 9 each antitank mines. The detonates projecting approximately 600 1 -grain
yellow triangles have either a letter "L" or "S" steel fragments in all directions. If the mine has
painted inside the triangle. These markings not detonated or functioned within the factory set
identify the self-destruct time of the antipersonnel time (long or short self-destruct time) the mine will
and antitank mines and are used by the automatically self-destruct, thereby clearing the
cannoneers in selecting the right projectile to fire area.
when artillery delivered mines are needed todeny (b) M718/M741 remotely activated
or delay access to a particular area for a specific antitank mine system. The M718 and M741
time period. The letter "U signifies a long time projectiles are of the remotely activated antitank
(more than 24 hours) before self-destruction if not mine system. These projectiles are used to deliver
activated, and the "S" indicates a shorter period of mntitank mines in front of enemy armored forces to

time (less than 24 hours) before self-destruction. deny or delay access to a particular area for a
The actual times of "L" and "S" are classified, and specific time period (long or short time). They are
the data can be found in TM 43-0001-28-1 (C). called Remote Anti-Armor Mines System

(RAAMS). Each projectile contains nine mines
(a) M692/M731 area denial artillery thatcan beexpelled into the targetarea. The mines

munitions. The M692 and M731 projectiles are are scattered over an area and become armed
known as the area denial artillery munitions, or within a few seconds after landing. Any metallic
ADAMs for a short title. These are antipersonnel object, such as a tank, self-propelled vehicle, or
rounds that contain submunitions used to deny the other type unit, passing over the mines will cause
enemy use of certain areas for a period of time. them to activate and damage or destroy the
This action is accomplished by firing the ADAM equipment. If after a certain period of time these
round so that the 36 submissiles are ejected over mines have not been activated, they also provide a
the target area. After each submissile comes to rest mechanism for self-destruction. Scattered among
on the ground, 7 sensor trip lines will deploy up to the mines are some that have an antidisturbance
20 feet each from the mine. After another short firing mechanism that can cause casualties if
time delay, to aJlow the munition to return to rest, disturbed by enemy personnel attempting to clear
the trip line sensor is Ptrivated causing the mine the mined area.

Section IV. PROJECTILES AND THEIR MARKINGS

11-9. Exterior Components ofan inserted at the firing position. Some
Artillery Projectile special-purpose semifixed projectiles are issued

Since the first projectile was manufactured, the with the fuzes already assembled in the projectile.
demand for greater accuracy and greater range b. Ogive. The ogive, which is the curved portion
has influenced projectile design. Without of a projectile between the fuze well and the
definitely constructed shapes and exterior parts, bourrelet, streamlines the forward portion of the
there wouid be no standard ballistic projectile. The curve of the ogive usually is the arc
characteristics for any group or type of projectiles. of a circle, the center of which is located in a line
A lack of ballistic standardization would prevent perpendicular to the axis of the projectile and the
the computation of firing tables. Modern radius of which is generally 6 to 11 calibers.
projectiles are designed for maximum stability
and minimum resistance to flight. The exterior c. Bourrelet. The bourrelet is an accurately
components of an artillery projectile are shown in machined surface that is slightly larger than the
figure 11-10 and explained as follows: body and located immediately to the rear of the

ogive. It centers the forward part of the projectilea. Eyebolt lifting plugs and fuze well plugs. in the tube and bears on the lands of the tube.
Separate-loading projectiles have an eye-bolt When the projectile travels through the bore, only
lifing plug (other types of projectiles have a metal the bourrelet and the rotating band of the
hex-head or plastic closing plug) for lifting and to projectile bear on the lands of the tube.
keep the fuze well clean, dry, and free of foreign
matter and to protect the fuze well threads. The d. Body. The body is the cylindrical portion of C
plug is removed and the appropriate fuze is the projectile between the bourrelet and the
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_PROJECTILE MARKINGS
EYEBOLT LIFTING PLUG (SEPARATE LOADING)

A-WEIGHT ZONE MARKING

B- CALIBER AND TYPE OF WEAPON
C-KIND OF FILLER
D-LOT NUMBER OF LOADED SHELL
E-TYPE AND MODEL OF SHELL

C F-FOR DEEP CAVITY SHELL CONTAINING

OGIVE * SUPPLEMENTARY CHARGE
E FOR DEEP CAVITY SHELL W'O

SUPPLEMENTARY CHARGE

"FOR VT FUZE" OR

"FOR FUZE, M. .

BODY G-DEPARTMENT OF DEFENSE IDENTIFICATION
CODE (DODIC)

H-STAMPED IN THE METAL UNDER THE PAINT:
LOT NUMBER OF EMPTY SHELL

ROTATING BAND 0544 6 YEAR OF MANUFACTURE
GROMMET LOBTURATING BAD USED CALIBER AND DESIGNATION OF SHELL
(PROTEC TI N ON CERTAIN PROJECTILE 
BAND DURING SHIPMENT) O-B RA INSEJ ILS

BASE COVER

Figure 11-10. Exterior components and markings of projectile.

rotatingband.Itismachinedtoasmallerdiameter minimizes deceleration by reducing the
than the bourrelet to reduce the projectile surface vacuum-forming eddy currents in the wake of the
in contact with the lands of the bore. The body projectile as it passes through the atmosphere.
contains most of the projectile filler. h. Base cover. The base cover is a metal cover

e. Rotating band. The rotat7 ag band is a that is crimped, caulked, or welded to the base of
cylindrical ring of comparatively soft metal that is the projectile to prevent hot gases of the propelling
pressed into a knurled, or roughened, groove near charge from coming in contact with the explosive
the base of the projectile. It mates with the forcing filler of the projectile through possible flaws in the
cone of the tube to eliminate gas wash and perform metal of the base.
forward obturation. The rotating band, in
conjunction with the rifling of the tube, imparts 11-10. ProjeCtile Painting end Marking
rotation to, and prevents the escape of propelling The principal reason for painting a projectile is
gases past, the moving projectile. A properly to prevent rust, but painting is also used to identify
rammed separate-loading projectile is held in the the various types of ammunition.
tube at all angles of elevation by the wedging
action of the rotating band against the forcing a. Identification.Thebasiccolorsusedformany
cone. years have been olive drab (OD) for high-explouive

rounds, gray for chemical rounds, blue for practice
f. Obturatind band. Some projectiles have a rounds, and black for drill rounds. A system of

nylon obturating band below the rotating band to contrasting color markings or bands in addition to
assist in forward obturation. Two examples of the basic color has also been used to identify the
155-mm projectiles with this type of a band are the particular type of high explosive or chemical used
illuminating and the high-explosive rocket- as a filler. Color coding of recent production
assisted rounds. projectiles is somewhat different (table 11-2). For

example, illumiating and smoke rounds are no
g. Base. The base is that portion of the projectile longer painted gray, the basic color for chemical

below the rotating band or obturating band. The shells. Illuminating rounds are now painted
most common type is known as the boattail base. basically white or olive drab, and the smoke
This type of base streamlines the base of the rounds are painted green. The basic color for
projectile, gives added stability in flight, and dummy ammunition has been chnged to brnse.
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b. Weight. Variations in weight are inherent in Defense ammunition code. National stock
the manufacture of projectiles. Since a high degree numbers (NSN) (for example, NSN 1320-00-529-
of accuracy is required in artillery firing, the data 7331) have replaced the old Federal stock numbers
stenciled on the projectile (fig 11-10) must be (FSN), the old ammunition identification codes
compared with the data provided in the firing (AIC), and ordnance stock numbers. Each item of
tables to obtain the proper ballistic corrections. supply has a different national stock number. The
The weight zone marking symbols for standard first four digits of a national stock number are
weight projectiles are as follows: always the Federal supply classification (FSC)

class to which the item belongs. The next two
Caliber of projectile Standard weight zone digits identify the country of origin. Continental
105-mm 2 squares United States, for example, uses 00 and 01,
155-mm, 8-inch 4 squares whereas some of the other NATO countries use

c. Ammunition lot number. When ammunition their assigned digits, such as 12 for Germany, 15
is manufactured, an ammunition lot number is for Italy, and 21 for Canada to mention just a few
assigned in accordance with pertinent of the NATO countries. The next seven digits
specifications. This lot number is an essential part constitute the national item identification number
of the ammunition marking. When the size of the (NIIN). The dash between the third and fourth
item permits, this lot number is stamped or marked digits of the NIN serves to reduce errors in
on the item itself and on all packing containers, transmitting. Each item has a different national
The lot number is required for all purposes of item identification number. A Department of
record, including reports on the ammunition Defense identification code (DODIC) is added as a
condition and functioning and on any accidents in suffix to the national stock number, for example,
which the ammunition is involved. All the 1320-00-529-7331 (D544). The Department of
components in any one lot are manufactured Defense ammunition code (DODAC) is an
under conditions as nearly identical as practicable eight-character representation consisting of the
to insure uniform functioning. When semifixed four-character FSC code number and the DODIC,
ammunition is fired, successive rounds should be consisting of a letter and three digits. For example,
of the same lot number so that maximum accuracy 1320-D544, a typical DODAC, consists of FSC
is obtained. When separate-loading ammunition class 1320 and DODIC D544, which identifies a
is fired, successive rounds should consist of 155-mm high-explosive projectile M107, and the
projectiles of the same lot number, propelling NSN 1320-00-529-7331 indicates that thecharges of the same lot number, fuzes of the same projectiles are packed eight per wooden pallet. Thelot number, and primers of the same lot number. same DODIC suffixed to more than one NSNindicates items that are interchangeable for issue

d. National stock numbers and Department of and use.

Section V. PACKING, MARKING, CARE, AND STORAGE OF AMMUNITION

11-11. General Precautions 11-12. Ammunition Storage Precautions

Tactical units must maintain a combat-ready a. Storage on vehicles. When the basic load is
status. To achieve this status, a unit or stored on vehicles and/or trailers, ammunition
organization must maintain its basic load of personnel must insure that-
ammunition in a serviceable and ready-to-fire (1) Wooden floor racks with a minimum
condition; therefore, adequate inspection criteria height of 2 inches are placed on the bed of the
must be established and all ammunition personnel vehicle.
must be made aware of their responsibilities.
Normally, the quantity of ammunition in the basic (2) Drain plugs on all trailers are opened.
load is reserved for emergencies and ammunition (3) The weight is distributed over the entire
for normal expenditures is drawn from the bed of the vehicle.
ammunition supply point (ASP) at the available
supply rate (AEOR). The unit should rotate stocks in (4) Th load does not exceed the bed height of
the basic load with ammunition drawn from the the vehicle.
ASP to insure that all ammunition is inspected (5) The load is properly braced to prevent
regularly and maintained in a serviceable shifting during movement.
condition. Expending ammunition in excess of the (6) Ridge poles are placed along the center of
available supply rate normally requires approval the bows and underneath the paula of the vehic o
of higher headquarters. In addition to being to n therath te p ofkts.
rotwted, ammunition should be cared for, handled, to prevent the formation of water pockets.
and stored as outlined in the succeeding (7) Paulin end curtains are utilized onthe reare
paragraphs of this section. of all cargo-type motor vehicle.
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Table 11-2. Painting and Marking of Ammunition

Paintng and Msding of Ammuniton Painting and Marking of Anmmuniton
Ammunition of adlew Manufacture of Recent Mnufacture

HE .............................................................. Olive drab w yellow marking ........................ Olive drab w yellow marking.
HEAT ........................................................ Olive drab w yellow marking ........................ Black w yellow marking.
HEP (over 40-mm) ................................ Olive drab w yellow marking ........................ Olive drabw black bandand yellowmarking.
Smoke (except WP or PWP ................ Gray w one yellow band and yellow mark- Ught green w black marking.

ing.
Smoke (WP or PWP) ............................ Gray w one yellow band and yellow mark- Ught green w yellow band and light red

ing. marking.
Illuminating (semifixed) .......... Gray w one white band and white marking. White w black marking.
Illuminating (separate-loading) .......... Gray w one white band and white marking. Olive drab w white band and white marking.
Practice wo explosive filler ................ Blue or black w white marking .................... Blue w white marking.
Practice w high-explosive filler ........ Blue or black w white marking .................... Blue w yellow band and white marking.
Practice w low-explosive filler .......... Blue or black w white marking .................... Blue w brown band and white marking.
Chemical:
Persistent toxic agent ........................ Gray wtwogreen bands and green marking. Gray wtwo green bands and green marking.

(One yellow band w explosive burster.)
Nonpersistent toxic agent .................. Gray w one green band and green marking. Gray w one green band and green marking.

(One yellow band w explosive burster.)
Persistent irritant agent .................... Gray w two red bands and red marking. Gray w two red bands and red markings.

(One yellow band w explosive burster.)
Nonpersistent irritant agent .............. Gray w one red band and rd marking. Gray w one red band and red marking.

(One yellow band w explosive burster.)
G and V series agents ........................ Gray w one green band for G series, two Gray w three grqen bands and green mark-

green bands for Veeries, and green mark- ing. (One yello. -.-nd w explosive
ing. burster.)

AP and APOS wo filler ........................ Black w white marking .................................. Black w white marking.
AP w high-explosive filler .................. Black w yellow marking ................................ Black w yellow marking.
APERS w flechettes .............................. Black w white marking .................................. Olive drab w yellow band, white marking

and white diamonds.
Canister w slugs .................................... Black w white marking .................................. Olive drab w white marking.
Canister w flechettes ............ Blaock w white marking .................. Olive drab w white marking and white

diamonds.
Dummy .................................................... Black or blue w white marking .................... Bronze w white marking.

(8) Adequate ventilation is provided for in the (d) Stacks should be no closer than 6 inches
loaded vehicle. The paulins should be raised to the wall and no closer than 18 inches to the
periodically so that the ammunition on the ceiling.
vehicles can be aired. (e) All items should be properly packaged

b. Off-vehicle storage. In certain instances, and adequately marked.
part of the basic load may be stored on the ground
or in buildings. Such ammunition should be (2) Outside strage.
earmarked for a specific vehicle and stacked by (a) Dunnage should be high enough to
vehicle load. Operational plans must also provide provide a minimum of 6 inches between the stack
for the time, personnel, and vehicles required to and the ground.
issue or move the ammunition. (b) The procedures in (1)(b), (c), and (e)

(1) Inside storage. above apply to outside storage.

(a) Dunnage should be high enough to allow (c) Ammunition in outside storage will be
a minimum airspace of 3 inches between the protected by a canvas paulin, a wooden shed, or an
ammunition and the floor of the building. A-frame. A minimum airspace of 18 inches should

(b) Stripping between boxes is desirable if be maintained between the covering and
the boxes are not cleated. Stripping should be no ammunition to provide for proper ventilation.
less than I inch thick and 2 inches wide. This
allows better air circulation and makes the stacks 11-13. Ammunition Storage In Artillery
more stable. Emplmoements

(c) Within each stack, items of the same a. Firing batteries must be capable of moving
type should be stacked together by lot number, within a few minutes of notification. Keeping
with the nomenclature facing outward and all ammunition loa.Aed on vehicles and servicing the
boxes alined. This arrangement facilitates howitzers directly from the ammunition vehicle
inventory and inspections. will help to keep your units mobile. This applies to
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48 PROPELLANT CANNISTERS 36 PROPELLANT CANNISTERS
4 GROUPS OF 12)F

Follow these charts when you are 96 PROJECTILES j 3 FUZE BOXES
combat loading your M5" ammu- IS PER PALLET)I

nition vehicle with the I 56-mm or 36 PROJECTILES

____ A O ~ ~.155-MM a:) -B- ~ AC-I - X

Figure 11-11. Combat loading charts of the M548 cargo carrier.

both towed and self-propelled artillery weapons. (1) Do not permit disassembly of components,
The ammunition vehicles then should be such as fuzes and primers, without specific
habitually associated with the howitzers. This authorization. Any alteration of loaded
means that when a howitzer receives a scheduled ammunition, except by direction and under the
maintenance, so should the ammunition vehicle; supervision of the technical source concerned, is
convoys should be tactically configured so that hazardous and must not be undertaken.
ammunition vehicles follow their assigned
howitzers; and, that if a howitzer is dug in or (2) Do not open sealed containers or remove
revetted, the ammunition vehicle is in the same protective or safety devices until just before use,
revetment. An extract from TM 9-2350-247-10 of except as required for inspection.
an ammunition combat loading chart of the M548(3Reunamitopraedfriigbt
Cargo Carrier for the 155-mm or 8-inch howitzers (3) frett ammuiin prarengad fork fiingbt
is shown in figure 11-11. These charts are guides npopie t tri ginalUeuc packi an mrkt it
only, and the location of ammunition components sappropriatelyinUseisuchdammunition firstsin
may differ due to your combat mission. sriubsequ en d irngs inorer t kee smocksuof

b. Ammunition vehicles at the firing point w;ill rvosyoee onanr tamnmm
be placed so that the howitzer can still be serviced, WARNING: Live ammunition will not be
but the possibility of ignition or detonation in case substituted for authorized drill ammunition for
of an accident is minimized. Ammunition should training purposes.
be stored in a dry place and should be protected
from the direct rays of the sun by tarpaulins or b. Beehive round. Special handling precautions
other covering. There should be ample circulation and procedures for handling the Beehive round
of air through and on all sides of the stacks. Erratic must be observed to prevent damage to the
ranges and dangerous high pressure may result projectile. These special procedures are necessary
from overheated ammunition. because the projectile case is made of aluminum,

c. A suitable point should be designated and except for the steel hollow base, and rough
safety procedures should be established for the handling can cause emcensive damage to the
collection and disposition of unfired powder aluminum portion and thus tender the projectile
increments (m paragraph 11-17b). unserviceable. Damage to the Beehive projectile

can be prevented by application of the procedures
WARNING: Smoking is always prohibited in described in a above for standard ammunition and

the vicinity of explosives and Ammunition. observation of the special precautions outlined in
11-14. Special Hmndling Pe uin (1) through (5) below.

a. Standard ammunition. Explosive (1) Insure that all personnel are aware of the
ammunition must be handled with appropriate greater possibility of damage to Beehive rounds
care at all times. Explosive elements, such as those than to other types of ammunition. Since Beehive
in primers and fuzes, are sensitive to undue shock ammunition is reserved for special purposes, it
and high temperature. The general rules in (1) may remain in the unit longer than other
through (3) below as well as those in paragraph ammunition and thus may be handled many times
11-13 should be observed in order to keep before it is fired.
ammunition in a serviceable condition and ready (2) Conduct frequent inspections to insure
for immediate use. adequacy of storage, proper storage of Beehve



rounds in the basic load, and proper handling be checked carefully to insure that the proper
procedures. number of increments is present.

(3) Do not allow the projectile to strike or be b. Destruction. Unused powder increments
struck by sharp or heavy objects. should be burned, not buried. Burning will be

(4) Store (stow) Beehive ammunition accomplished by a two-man team supervised by
separately from standard ammunition; however, if an officer. The burning site will be at least 200 feet
Beehive rounds must be stacked with standard from other personnel and equipment. All powder

ammuitin, s ma beomenecssar incerain charge increments to be destroyed should be
tammunlitonoas meay rif beoereessarly) incetin placed in a single-layer row not more than 12
tactial situans (nte ., aoflthe rsplyclae. h inches wide-. The row of increments should be

Beehve ound onthe op f th stck.placed so that burning will progress toward the
(5) Insure that adequate securing devices and direction of the wind (into the wind). A train of

protective materials are provided for rounds that combustible material (e.g., excelsior)
have been removed from their containers for approximately 25 !bet long should be placed
immediate firing and insure that cannon crews perpendicular to, and at the downwind end of, the
understand how to use these devices, row of increments. The combustible material
11 -15. Packing and Marking should be lighted at the end farthest from the

explosive by a member of the burning detail, who
Ammunition is packed in special containers, should be standing on the windward side of the

These containers are clearly marked in accordance train. Igniter powder (black powder) will be
with pertinent Army regulations and removed from the propelling charges and placed in
specifications to show all essential information, a train not more than 2 inches wide at the upwind
Containers are designed to withstand normal end of the row of increments to be destroyed.
conditions of handling, storage, andWAN G:Poeln chrsadigtr
transportation and to comply with Interstate aRNNG Prud eopelng cihargsand inietr
Commerce Commission regulations. Markings on adsold bmaue penitha nosarkin knifmoe toe
containers include all information required for avoidipremature ignmtion.cBetsureoto ofmovetthe
complete identification of the contents and for igniting powde forte cernr core. of1 certi
compliance with Interstate Commerce poeln hre eoebrig ~. 19o
Commission regulations. For additional M188 series.
information, see TM 43-0001-28 and TM 1118 Projectiles
9-1300-206.

a. Semifixed projectiles. The projectile and
11-1. PrmerSpropellant for semnifixed rounds are placed in the

Primers for semifixed ammunition are an same shipping container. The round is packed in a
integral part of the cartridge case; therefore, the fiber container, which, in turn, is packed in a metal
storage requirements for propelling charges apply. container or wooden box. For further protection,
The cartridge case should not be dropped, and the fuzed projectiles of 105-mm calibers may have
base of the case should not be set on a sharp object, U-shaped packing stops fitted into the fuze slots.
which could cause the primer to ignite. Primers for These must be removed.
separate-loading ammunition may be received b. Separate-loading projectiles. Separate-
packed with the propellant, in which case the loading projectiles do not require any outer
primers will be stored with the propellant in the packing; they are shipped unfuzed, with an eyebolt
original containers. Separate-loading primers lifting plug in the nose and a grommet around the
may be packed and issued separately, in which rotating band for protection. Palletizing the
case they will be stored separately. projectiles permits the employment of forklifts and

I11- 17. Prplat other types of heavy materials handling
equipment and thus reduces handling time and

a. Packing and storing. Propelling charges are labor in shipping and st.,rage.
packed in fiber containers or airtight metal c os rjcie.Loepoetlssol
storage cases for ease in handling and for a.looysbe lodedpale Lose prsiles sfavhuld
protection from the elements. An igniter cap of alway bloded potarahe wlle tot sieof vhil
cloth or paper protects the igniter end of the anblcesottthywlntro.
separate-loading propelling charges in shipment. d. Ammunition storage. Ammunition storage in
The packing containers are marked so that all the field is the responsibility of the artilleryman.
essential information may be seen without the sea] The three essential factors that govern storage of
being broken. Components of the propelling ammunition are ventilation, cover, and drainage.
charge explosive train should be stored in their Components of ammunition are given priority of
original, unopened containers until just prior to storage in order of their sensitivity. Chemical and
use in order to keep out moisture, which slows the white phosphorus projectiles should be given
burning rate of powder. Propelling charges should special attention. Chemical (gas) projectiles are
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stored downwind from the battery; white sealed metal containers. When a round is being
phosphorus projectiles are always stored on their prepared for firing, two of the most important
bases because the phosphorus will melt at 110' F functions are fuzing and cutting the propelling
and run to the side (if the projectile is not upright) charge. In fuzing, it is essential that the fuze be
and thus cause erratic flight. If a round of white made fast to the projectile. Adjustable fuzes should
phosphorus starts to leak, it becomes a fire hazard be properly set and should be checked before firing.
and should be immersed in water. Projectiles of Any fuze that has been prepared for firing but has
different lot numbers should be stored separately. not been fired must be reset to the safe position
11-19. Fuzes before it is repacked in the original carton. Safety

pins in the booster must be removed before the fuze
Fuzes are packed in individual fier or and booster are seated in the projectile. Safety

hermetically sealed metal containers in a wooden wires on fuzes must be removed before loading; if
box, with the exception of proximity (VT) and the fuze is not fired, the wires should be replaced.
concrete-piercing fuzes, which are packed in Only the proper fuze setter should be used.

Section VI. FUZES, FUZE WRENCHES, FUZE SETTERS, AND BOOSTERS

1 1-20. Forces That Act Upon a Fuze time (MT), or proximity (VT) or as a combination

A fuze is said to be armed when it is ready to of these. Combination fuzes, such as the
detonate the projectile; that is, when all parts are superquick and delay or the time and superquick,
in, or are free to move to, their proper positions so are further classified as selective fuzes; i.e., the
that the fuze may operate in its intended manner. fuze may be set for either of the two available
Arming of fuzes is accomplished principally by actions. A selective fuze set for the primary action
inertia and centrifugal force. In some fuzes, both of should function on the alternate action if the
these forces are used to actuate the safety devices; primary arming element fails. This alternate
in others, only one force is used. functioning minimizes complete loss of effect on a

target; it also provides a self-destruction
a. Inertia. Inertia is the property of matter by capability and thereby prevents recovery of the

which any physical body (matter) persists in its rounds by enemy personnel. Setting a selective
state of rest or of uniform motion until acted upon fuze for alternate functioning (e.g., setting a
by some external force. Inertia manifests itself in superquick and delay fuze for delay action or a
several ways. mechanical time and superquick fuze for

(1) Setback occurs when the projectile superquick action) in effect reduces the fuze to a
accelerates on being fired. It may be used to single-action fuze and will result in a dud or
advantage to lock safety devices or unlock them low-order burst if the alternate arming element
when required. fails. Certain models of the proximity (VT) fuze

incorporate a superquick element expressly for
(2) Creep, a phenomenon that can cause self-destruction purposes, whereas others are of

malfunction, occurs as the projectile body the selective type.
decelerates in flight. It is taken into consideration
in designing the fuze. 11-22. Impact Fuzes

(3) Setforward occurs at impact or on sudden Impact fuzes are further classified according to
deceleration. This effect may be used to drive firing the action initiated by the force of impact as
pins into primers or to drive primers against superquick, delay, nondelay, or point initiation
stationary firing pins. base detonation (PIBD).

b. Centrifugal force. Centrifugal force is that a. Superquick. Superquick action is designed to
force which results from rotation of the projectile cause the projectile to burst at the instant of
and fuze during flight. All objects within the fuze impact with a solid object. Superquick action gives
that are free to move will move away from the axis most of the effect above ground and leaves but a
of rotation toward the outside of the fuze. small crater. Heavy rain or hail may cause the

superquick element of a fuze to function because
11-21. General Classification of Fuzes the firing pin is mounted in the point of the fuze

and will be driven into the primer upon impact
a. An artillery fuze is classified according to its with any solid object; therefore, a fuze should not

position on the projectile as- be set for superquick action under such conditions.

(1) Base detonating (BD). However, see paragraph (4) below for a new rain
insensitive fuze M739. There are four impact.(2) Point detonating (PD). point-detonating fuzes that are basically similar

h. Artillery fuzesarealsoclassifiedaccordingto in construction and have the superquick
the method of functioning as impact, mechanical capability.
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A (1) M508 superquick fuze. The M50S is a
single-action impact fuze that requires no setting
and gives a superquick action. It is basically the

D-A, same as the M557 fuze (2) below) but has no delay
element. It incorporates a booster M125, and the
booster rotor provides the bore safety. This fuze is

e I used with burster-type chemical projectiles.

(2) M557 selectice fuze. The M557 fuze (fig
F 11-12) is classified as a selective fuze because it

offers a choice of superquick or delay action. The
current production model has a black powder
pellet that gives a delay of 0.05 second. This fuze is
used with all HE projectiles. The M557 fuze is set
by means of a slotted screwhead (selector sleeve)

H on the side of the fuze body (fig 11-12). Turning the
slot to the vertical position (SQ) gives superquick
action; turning it to the horizontal position

_K (DELAY) give,%a delay action. The position of this
J slot determines the action of the interrupter. If the

selector is set for DELAY, the interrupter is locked
into the flash channel and the superquick element__ . •cannot be armed. If the selector is set for SQ, the
interrupter is moved out of the flash channel by

P centrifugal force. Therefore, the flash from the
superquick detonator travels directly to the

L Q  booster and superquick action results. If. for any
S"reason, the superquick components fail to

function, the delay plunger will move forward and
cause the projectile to explode with delay action.
Fuze M557 consists of-

(a) A superquick firing pin in the nose.

_ (b) A superquick detonator.

(c) A flash channel, extending from the
superquick detonator to the booster.

(d) An interrupter in the flash channel,

ORD D1073 coupled with a selector sleeve.

(e) A delay action plunger in the base of the
fuze, consisting of a fixed firing pin, a sliding

A-Head detonator, and a black powder pellet.
B-Superquick element (f/ A booster (M125A).
C-Firing pin support
D-Firing pin (SO) (3) M572 selective fuze. The M572 fuze is
E-Detonator M24 essentially the same as the M557 fuze except that
F-Ogive or windshield the nose of the M572 fuze has been filled with
G-Flashtube epoxy.
H-Body
J-Setting sleeve (4) M f
K-Interrupter fuze. The M739 fuze (fig
L-Interrupter spring 11-13) is the latest improved version of the impact
M-Delay plunger assembly M1 fuze. The new fuze has an aluminum-filled body.
N-Firing pin (delay) In addition, the new fuze has a rain insensitivity
P-Primer M54 modification of the fuzing pin head, recessed
0-Delay pellet inch into a 1 "-inch diameter sleeve, with four small
R-Plunger pin lock crossbars installed at different depths and
S-Plunger pins orientations inside this sleeve cavity. These
T-Relay M7 (delay element) crossbars cause raindrops that enter this sleeve to
U-Booster M125A1 be atomized into small droplets. These droplets are

thrown out of the cavity by centrifugal force and
Figure 11-12. Impact fuze M557, selective type, air pressure through four /s-inch-diameter radial

superquick or delay, holes located at the bottom of the sleeve. This

11-19



action makes the fuze less sensitive to rain so that CP M78 fuzes contain 4 nondelay fuzes and 16
it can be fired through heavy rainstorms without delay fuzes. The nondelay fuze has the same types
premature functioning of the round of ofelements as the delay fuze (c below) except that it
ammunition. It will eventually replace both of the has no black powder delay pellet. The nondelay
older, rain-st-nsitive, fuzes M557 and M572. fuze is used in final adjustments during missions

requiring concrete-piercing or rubble-clearing
b. Nondelay. There are two types of nondelay action. The M25 booster is used with the CP M78

fuzes-base-detonating and point-detonating. fuze to insure complete detonation of the bursting
The BD fuzes are used in projectiles in which the charge.
location of the fuze on the point of the projectile
would be impractical, aL4 in the high-explosive (2) M91 base-detonating nondelay fuze. The
plastic round. The nondelay point-detonating fuze BD M91 fuze is a single-action fuze with an
is steel hardened to permit penetration of concrete integral booster charge and a tracer element. It is a
emplacements without damage to the firing pin base-detonating fuze for use with the 105-mm
and booster assembly. The firing pin and HEP-T projectile, and it is issued with the
detonator assembly of all nondelay fuzes are projectile andlit is issued in the
located within the fuze body and thus are protected projectile. The tracer element is located in the
from possible damage upon impact. The nondelay conical base end of the fuze and has a burning time
fuze depends on rapid deceleration of the projectile
at impact for its action. Therefore, the nondelay c. Delay. A delay fuze is designed to allow the
fuze action is slightly slower than the superquick fuze and projectile to penetrate the target prior to
fuze action but is much faster than the delay fuze the complete detonation of the bursting charge.
action. (The delay fuze incorporates a black This action requires a steel-hardened fuze to
powder pellet to control the duration of the delay.) withstand this penetration. The concrete-piercing
There are two nondelay single-action fuzes. CP M78 delay PD fuze is a single-action, impact

(1) M78 concrete-piercing, point-detonating, fuze that requires no setting and is capable of
nondelay fuze. The concrete- piercing, delay action only. An M25 booster is used with the
point-detonating M78 fuze is a single-action CP M78 fuze to insure complete detonation of the
nondelay, impact, point-detonating, steel- bursting charge. The black powder delay element
hardened fuze with a white tip painted on the nose gives a delay of 0.025 second. This fuze and booster
to distinguish it from the CP M78 delay fuze (c can be used to convert a high-explosive round to a
below). This nondelay fuze enables adjustment of concrete-piercing round, and are installed in the
fire on a fortification without the requirement for a projectile by the cannoneer with a special fuze
fuze of different ballistic characteristics. A box of wrench, the M16 (fig 11-14).

NOTE HOLES IN CROSS BAR

BOOSTER PELLET SETTING SL EIE ASSY HOLDER ASS' NEED~NOT BE ALIGNED ,%1fH

S & A ASSY BODY HOLES IN BODY

BOOSTER CUP CLOSING SCREW CROSS BAR HOLDING ASSY

S & A RETAINER MI DELAY ASSY FIRING PIN
AND DETONATOR ASSY

Figure 11-13. Impact point-detonating superquick and delay fuze M739.
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Figure 11-14. Fuze wrench M16.

d. Point initiating base-detonating. The point broadcasted signals all along the trajectory,
initiating, base-detonating (PIBD) fuze M509A1 is which, in many cases, resulted in early bursts. The
a special purpose fuze used with the M622 later proximity (VT) fuze has a 100-second time
HEAT-T projectile in the 105-mm howitzer, to ring for controlling the activation of the radio until
provide proper function of the round when it is the optimum time of 3 to 5 seconds before reaching
fired in a direct role against enemy armored the target. Today, all proximity (VT) fuzes have
targets. A piezoelectric element retained in a nose time rings, and they are known as proximity (VT)
cap is fitted to the threaded standoff spike fuzes. The following information on both old and
assembly and is connected to the base-detonating new time fuzes is provided to bring you up to date
fuze in the body. On impact, fuze functioning on what is available in the field. For information
detonates the projectile and the cone collapses, on all of the older time fuzes not covered in this
creating a high-velocity, focused shock wave and chapter, see TM 43-0001-28, Artillery
a jet of metal particles that penetrate the target. Ammunition.

11-23. Mechanical Time and Proximity (VT) Fuzes 11-24. M500/M501/M520 MechanicalTime-Superquick Fuzes

a. Mechanical time and proximity (VT) fuzes
(fig 11-15), when installed and set properly, cause a. General. The M500/M501/M520 MTSQ fuzes
the projectile explosive train to function at the are mechanical time-superquick fuzes that have
right time and place. This chapter contains two different firing pins, one for the time functioninfomatin o themecanicl tme (T), and one for the impact function. The fuze will
mechanical time-superquick (MTSQ), and function on whichever action occurs first after theproximity (VT) fuzes being used in the field round has been fired and the fuze armed. Theseproximiy aT) fes eig uas d is s the fied fuzes contain a mechanical time mechanism (just
artillery at this time. It also discusses the fuze like the clockworks in your alarm clock orwrench to be used in installing each fuze, the fuze lk h lcwrsi oraamcoko
setter to be used in setting each type of fuze, the wristwatch). The time mechanisms are moredirection in which the time ring must be turned, reliable than the black powder rings in the oldand the number of times each fuze can be reset, powder train time fuzes (M54/M55), and they canbe set from 0 to 75 seconds, which is a significant

b. For many years field artillerymen the world improvement over the older time rings, which
over have used first the old powder train time fuzes could be set from 0 to 25 seconds. The M500 fuze
(for example, the M54/M55) and then the was replaced by the M520.
mechanical time fuzes (such as the M501/M520, (1) Early fuze wells. Until 1962, the fuze wells
and later the M563, M564, and M565) to cause of projectiles, into which the fuze bodies were
projectiles to function at a given time along the scree, ito wo di es fr
trajectory. They have also fired projectiles with screwed, were of two different sizes-one size for
both the old and the new proximity (VT) fuzes. The for those that did not require boosters.
basic difference between the proximity (VT) fuzes
is that the older fuze had no time ring for (a) High-explosive and burster-type
controlling the activation of the radio. The fuze projectiles. The white phosphorus, gas, and
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Figure 11-15. Time and proximity fuzes of the field artillerv.

high-explosive projectiles had the larger fuze MTSQ fuzes are obsolete. Those still in existence
opening to accommodate the booster, which was are being converted to M5Ols by removal of the
screwed onto the base of the fuze and then screwed booster.
into the fuze well. These projectiles used the M500 C. M501 MTSQ fuze. The M501 MTSQ fuze (fig
fuze and, later, the improved version called the 11-16) is still required for the base-ejection
M520 fuze. In both cases, the field artilleryman prjciewthhesalfzoenginheoe
received the fuzes and boosters already assembled pojetlwt the s m o all frecopeningei the nose

and ead tobe nstlle in he uzewel ofthe base-ejection smoke and illuminating rounds very
projectile. easily. The smoke rounds are painted gray with

(b)' Base-ejection projectiles. All of the yellow markings; the illuminating rounds are
base-ejection projectiles, such as smoke, painted gray with white markings.
illuminating, had the smaller fuze opening and
used the M501 fuze, which came without a booster. d. Installing the M501 fuze. Install the M501
The M500 or M520 fuzes with boosters would not fit fuze in the old smoke or illuminating projectile by
in this type of projectile because the fuze opening removing the closing plug (or eyebolt lifting plug)
was too small. from the projectile, inspecting the fuze well,

placing the fuze in the fuze well of the projectile,
(2) Fuze wells of today. Today, all of the fuze and tightening the fuze by hand. Next, place the

well openings in the projectiles have been MIS fuze wrench (fig 11-I 7)correctly on the fuze so
standardized to the large size (1)(a) above, and the that you can turn the wrench counterclockwise
fuze bodies have been manufactured to fit the about 1/4 turn to loosen the fuze. Then with your
larger openings. However, there are still many hand on the handle of the wrench, turn the wrench
projectiles of the base-ejection type (smoke and sharply and firmly clockwise to tighten the fuze to
illuminating rounds) with the small fuze openings the projectile. Do not use an extension on the fuze
available, and for that reason the M501 fuze will wrench. Be sure that there are no threads showing
have to stay in the inventory until all of the old and that the fuze fits snug against the nose of the
stocks (of smoke and illuminating rounds) have projectile.
been expended (c below). WARNING: Do not fire an artillery round of

h. M500 M520 MT SQfuze. The M500 and M520 any caliber without using the fuze authorized for
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Figure 11-16. Fuze M501 mechanical time superquick.

Figure 11- 17. Fuze w'rench M18.

that particular round. The firing of a round the closest , second with the M27 fuze setter (fig
without a fuze or with a fuze that is not authorized 11-19).
for that type of round could result in an inbore 1 M26 precision fuze setter. To use the M26
burst or some other hazardous condition that could fuze setter, loosen the thumbscrew and set the time
cause serious injury to personnel and damage to on the outer ring of the fuze setter. Set the time by
equipment. turning the setting handle assembly and reading

e. Setting the M5OI MTSQ fuze. The M501 the time on the outerscale; interpolate between the
MTSQ fuze can he set to the closest I 10 second .2 marks on the fuze setter. Remove the safety wire
with the M26 precision fuze setter (fig 1 -1) or to from the M501 fuze that is installed in the
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Figure 11-1S. Fuze setter M126.

projectile. Place the fuze setter, with the correct projectile. A loosened fuze can cause an inhore
time setting on it and with the thumbscrew tight so explosion or other malfunction if fired in that
the scale will not slip. onf the fuzed projectile. Seat condition.- So if the fuze is loose, use the M IS fuze
the fuze setter onto the nose of the fuze, then lock wrench to retighten the fuze so that it is again
the handle down on thescales, an-Irotate the setter flush against the nose of the projectile. The M26
inI a counterclockwise direction until it stops and fuze setter is no longer issued and is being replaced
the paw] snaps into position. Next, raise the by the M27 (fig 11-19).
handle and remove the fuze setter. Be sure to check
the setting on the fuze to insure that it is set (2) M27fuzE' setter. Fuze setter M27(fig 11-19)
correctly and that the fuze is still flush with the is a flat-handled wrench-type instrument with a
nose of the projectile. Sometimes the cone-shaped portion, which consists of a bronze
counterclockwise turning of the fuze setter loosens casting with a steel catch that is dovetailed and
the fuze in the fuze well and leaves it loose on the pinned to the casting, on the center of the
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Figure 11-19. Fuze setter M27.

T-handle. The fuze setter has no scale. Obtain the time), even when you are changing the time setting
desired setting by removing the wire from the fuze to a number that is lower than that you originally
and placing the setter over the top of the fuze so placed on the fuze. When using the M27fuze setter,
that the steel catch engages the lug on the lower turn it counterclockwise also; but, if you miss the
cap of the M501 fuze. Turn the fuze setter in a setting or want to changeit to a lower one, you turn
counterclockwise direction until the index mark on fuze setter M27 clockwise to at least 1 or 2 seconds
the cap points to the time desired on the time ring below the desired setting and then approach the
of the fuze. You can set the M501 fuze to the closest correct setting from lower to higher numbers. The
'/2 second with this fuze setter. If you miss the purpose of going 1 or 2 seconds below the desired
setting, back up the index mark I or 2 seconds and setting is to take up any lost motion in the
then reset the index mark over the desired time mechanical time gear train that could adversely
setting. affect the airburst.

(3) Direction of setting M501 fuze. When using (4) Setting the fuze to safe. If you do not fire
the M26 fuze setter, always turn the fuze setter in a the M501 fuze, you must reset the fuze to safe and
counterclockwise direction (toward increasing replace the safety wire on the nose of the fuze.

FUZE %1563 CnkiFs IN THE '05 ,-,
APERS .EI, VE, PROJEC ILE ONLY

C": F % F V " A " .' L" A(CTION,
AV) ( AN ,E F IPF ) ,'' 'IltjT FURTHER

% C, T t(-.A'L T E VAy 9E

VERNIEP SCALE

Figure 11-20. Fuze M563 mechanical time.
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Using the M26 fuze setter. turn the dials of the fuze mechanical time fuzp (fig 11-22) is similar to the
setter to S, place thesetteroverthe noseofthe fuze, M564 fuze but does not contain a booster or a
and turn the setter counterclockwise until it stops. superquick element. This fuze is set for mechanical
Remove the setter, check the setting on the fuze, time action just like the M564, and it must always
and replace the safety wire. To set the fuze to safe be set for time. 1)O NOT USE THE M565 FUZE
with the M27 fuze setter, place the M27 fuze setter FOR IMPACT SUPERQUICK ACTION: THE
on the fuze, engage the steel catch in the lug on the RESULTS WILL BE A I)UD EVERY TIME'
lower cap, and turn the index mark counterclock- Remember, use the M565 in the new base-ejection
wise until it is over the S setting on the fuze. rounds with the larger fuze well, use the M501 in
Remove the setter, check the setting on the fuze, the older base-ejection rounds with the smaller
and replace the safety wire. fuze well, and use the M564 in the high-explosive

f. Number of times the M501 fuze can be set. The and burster-type projjectiles.

M501 has four small brass screws that hold the WARNING: Because of the standardization of
lower cap snug to the time ring on the fuze. the Becans af the fuzedardiatis
Turning the index mark on the ring causes the the fuze well openings and the fuze bodies, it is
screws to be worn. Therefore, the M501 fuze should possible to put either the M564 or the M565 in any

not be set more than three times without the of the new projectiles: however, improper results
ammunition supply point surveillance team and malfunctions can occur if these fuzes are used

checking the torque of the screws to insure that incorrectly. KNOW WHICH FUZE GOES IN
they are snug enough to hold any settings put on WHICH PROJECTILE'

the time ring. If you have an M501 fuze with a loose e. Installing the V564 or M565 fuze. The M564
time ring, do not use it. Turn it back to your or M565 fuze is installed in the correct fuze well
ammunition sergeant so that he can turn it back to with the MI8 fuze wrench (fig 11-17). Remove the
the ammunition supply point, where personnel closing plug(on 105-mm projectiles), or the eyebolt
will retorque the time ring by tightening the four lifting plug (on separate-loading projectiles),
brass screws. inspect the fuze well, and then hand-tighten the

11-25. M563/MS64/M565 Mechanical M564 or M565 fuze in the appropriate projectile.
Time Fuzes Place the M18 fuze wrench on the fuze so that you

a. General. The M563, M564. and M565 can turn the wrench counterclockwise about l,
mechanical time fuzes have 100-second time turn to slightly loosen the fuze. Then with your
mechanisms and vernier scales, which are used in hand on the handle of the wrench, turn the wrench

setting the fuzes to the closest 1'10 second. These sharply and firmly to tighten the fuze to the

fuzes have standard size fuze bodies and will projectile. There should be no threads showing and

fuzes. the fuze should fit snugly against the nose of thereplace the M501 and M520 MTSQ projetileprojectile.

b. M563 mechanical time fuze. The M563
mechanical time fuze (fig 11-20) is a single-action f. Setting the M563. M564. or M565 fuze. The
fuze that comes set for muzzle action. The fuze can M563, M564, and M565 fuzes do not require a
be set for any time of flight up to 100 seconds. The precision fuze-setting instrument such as the M26
M563 mechanical time fuze was specifically fuze setter. The time ring on each of these fuzes is
developed for use with the 105-mm antipersonnel set with a fuze setter and socket such as the M63
round, commonly called the Beehive round, and it (fig 11-23) or a simpo spanner fuze setter,
is not used with any other projectile. It open-wrench type, M34 (fig 11-24). Each fuze has
incorporates a time vernier scale similar to that of a vernier scale (fig 11-25) that allows accurate
the M564 MTSQ fuze (c below) and is set for time in 0.1-second settings to be made with either fuze
the same manner as that fuze (f below), setter. The M563 fuze is issued assembled to the

c. M564 mechanical time-superquick fuze. The 105-mm Beehive round and is used only with this

M564 mechanical time-superquick fuze (fig 11-21) special round. It comes set for muzzle action;
is intended for use with spin-stabilized burster however, it can be set for additional timep ils indf s whih spchitaltized rst s depending upon the distance of the target from the
projectiles in which mechanical time settings weapon. The M565 fuze is used only with
(from 2 to 100 seconds) or impact superquick wepnTh M55fzisudoly it
fuo tong 10 desieods)e o 4 impt sueuis base-ejection rounds. It does not have a booster,
functioning is desired. The M564 MTSQ fuze is nor is a booster used with it. The M563 and M565designed to function either at a set time or upon fuzes cannot be set for impact action, and the '

impact, whichever occurs first after arming. cannot be sed ii the * ,
Howve, te ooserassmby pevntsths fze cannot be used with the burster-typeHowever, the booster assembly prevents this fuze high-explosive projectiles. The M564 fuze is used

from arming for either action until the round has with the burster-type high-explosive projectiles

traveled a minimum distance of 200 feet from the and can be fired for impact superquick or time

weapon muzzle. The M564 fuze will replace the action. The procedures for setting fuzes M56;3,

M564, and M565 with fuze setter M63 and M34 are
d. M565 mechanical time fuze. The M565 as follows:
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Figure 11-23. Fuze setter M63.

Figure 11-24. Fuze setter M34.

graduation on the lower cap scale (of 0 to 100 11-24) is a simple spanner wrench-type setter with
seconds) is alined with the 0 graduation on the two small projections on the inside of the circle
vernicr scale (fig 11-25). Observe that the 15 that fit into the lugs of the M563, M564, and M565
graduation on the lower cap scale is immediately fuzes. To set any of these fuzes, always turn the
above and to the right of the 5 graduation (the M34 fuze setter in the direction of the arrow on the
desired tenth of a second) on the vernier scale. fuze (clockwise). The time setting or the safe
Continue to turn the lower cap until the 15 setting is made on the vernier scale with this fuze
graduation on the lower cap scale is alined with setter in the same manner as with the M63 fuze
the 5 graduation on the vernier scale. The desired setter ((1) above). However, if you miss the time
time of 5.5 seconds is now set on the fuze (C, fig setting, you can back up this fuze setter 1 or 2
11-25). seconds and then reset the fuze for the desired

(b) Setting the fuze to safe. If the fuzed time. Be sure that the vernier scale is set to the

projectile is prepared for firing but is not fired, correct tenth of a second.

place the M63 fuze setter back on the fuze and g. Number of times the M563, M564. or M565
realine the S mark (MA on the M563 fuze) on the fuze can be set. The M563, M564, or M565 fuze can
lower cap with the 0 mark on the fuze body by be set as many times as necessary in order to
turning the fuze setter in a clockwise direction obtain the right setting. Unlike the M501 fuze,
until the S (MA on M563) is alined over the 0. There which has the four brass screws that become worn
is no safety wire to add to this fuze (as you do on the and lose torque when the cap is turned an
M501) because the holddown time lug is engaged excessive number of times, each of these fuzes has
inside the fuze automatically as the lower cap is a wavered washer between the lower cap and the
turned to the S setting. Never fire an M565 fuze time ring that keeps the cap tight regardless of
without putting some time on the fuze so the how many times it is turned.
holddown time lug will be unlocked. Always turn h. Direction of setting the M563, M564, or M565
the M63 fuze setter in a clockwise direction. fuze. Always turn the fuze setter M34 or M63

(2) M34 fuze setter. The M34 fuze setter (fig clockwise, in the direction of increasing time, as
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Figure 11-25. Vernier scale.

shown by the arrow on each of these fuzes. made before 1970 must never be fired without a
Remember that the M563 fuze is issued on the time setting being placed on the vernier scale,
105-mm antipersonnel projectile (Beehive) only either for time or superquick action. The impact
and that it is already set for MA (muzzle action). superquick setting for these early M564 fuzes
This fuzed round can be fired without further (before 1970) is 90.0 seconds. Do not/ire these early
setting, or time can be set on it if necessary to fuzes on the "S" setting because premature bursts
protect your firing position. could occur!

(1) Setting the M564 fuze. All settings on the (b) M564 fuze made after 1970. A correction
M564 fuze are made in a clockwise direction. This was made to those M564 fuzes manufactured in
fuze has two firing pins, one at the nose for impact late 1969 so that the later fuzes can be fired as they
action and one inside the fuze for mechanical time come out of the can (set on "S") for superquick
action. The time action cannot take place until you action. The date on these fuzes should read 1970 or
turn the time ring, whi(h unlocks the safety lug a later date. These later fuzes do not hate io be set
and allows the clock me, hanism to function after on 90.0 seconds for impact superquick action.
the round is fired so the projectile will be detonated (2) Setting the M565 fuze. All settings on the
along the trajectory. All time settings on the M565 fuze are made in a clockwise direction. This
M564-type fuze are always backed up by the fuze has only one firing pin inside the fuze for
impact action. If the fuze does not function on the mechanical time action. It cannot be set for impact
time setting, it will function on impact superquick action. In fact, a projectile fuzed with the M565
action when it hits the target. If the M564 fuze is to fuze will be a dud if it hits the ground before the set
be fired for impact superquick action only, then time on the vernier scale expires. It will also he a
check the date of manufacture stamped on the fuze dud if the round does not go off on the time action.
body, and follow either paragraph (a) or (b) Remember this fuze is used with the newer
below- base-ejection rounds only, and it is never fired in

(a) M564 fuze made before 1970. Those fuzes any burster-type high-explosive projectile.
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11-26. M577/M582 Mechanical ime- be seated firmly against the nose of the projectile.
Superquick Fuzes When the M577 fuze is to be fired with the 155-mm

(M483) or 8-inch (M509) antipersonnel-
a. General. The M577 and M582 mechanical antimateriel improved conventional munitions

time-superquick fuzes (fig 11-26) have 200-second (ICM) round, some special preparation of the fuze
time mechanisms, which are used in setting the may be required before it is installed. These special
fuzes to the closest 1 10 second. These newer fuzes preparations are as follows:
will eventually replace the M564 and M5F'
mechanical time fuzes. The newer fuzes do nt;t (1 Special assembly, registration mode. A

have vernier scales. Instead, each has three special shaped-charge booster (fig 11-27) is

movable digital dials (similar in design and available for use with the M577 fuze and must be
functioning to an odometer in a car) that can be attached to the fuze for registering with the
viewed through a window on the body of the fuze 155-mm (M483) or 8-inch (M509) ICM round. The

The dial closest to the nose of the fuze indicates expelling charge in the fuze well of the 155-mm
hundreds of seconds. A nontime setting is projectile or the expelling charge in the 8-inch
indicated when the black triangle mark ( - ) on this projectile must be removed before the M577 fuze
dial is under the hairline in the window. The next with shaped-charge booster is installed in the
dial indicates tens of seconds, and the third dial projectile. This shaped-charge booster causes the
indicates seconds. In addition, the third dial has a ICM round to function in the same manner as a
scale that indicates tenths of seconds. The desired standard high-explosive round.
setting is placed under the hairline in the window. (2) Special assembly FFE mode, 155-mm
The timing mechanism starts to operate upon projectile M483. To prepare this round for firing,
simultaneous exposure to projectile spin and remove the eyebolt lifting plug, inspect the fuze
setback. When set for time function, the fuze starts well, screw in fuze M577 with the M18 fuze wrench
its arming cycle approximately 3 seconds prior to (d above), and set the correct time with the M35
the set time. Each fuze also has an impact fuze setter (e below). Then the 155-mm projectile
superquick setting (e(1) below). M483 is ready to be loaded and fired for effect.

h. M577 MTSQ fuze. The M577 MTSQ fuze is in (3) Special assembly, FFE mode, 8-inch
production and it is intended for use with a projectile. When the M577 fuze is used with the
base-ejection projectile to expel the payload over 8-inch (M509) antipersonnel-antimateriel ICM
the target area by mechanical time action. round for fire-for-effect action, the eyebolt lifting
However, this fuze can be fitted with a special plug is removed, the fuze well inspected and the
shaped-charge booster (fig 11-27) and used with fuze is installed in the projectile (M509)in the same
the newer antipersonnel and antimateriel (ICM) manner as described in (2) above.
projectiles M483 and M509 to make them blow up (4) Special instructions for installing the
like conventional high-explosive rounds. M582 fuze. Never use the M582 fuze in any

c. M.582 MTSQfuze. The M582 MTSQ fuze is not base-ejection round. Do not remove the booster
in production at this time, but is intended for use that comes with the fuze. Always install the fuze
with spin-stabilized burster-type high-explosive and booster complete every time you use the M582
projectiles when mechanical-time settings up to fuze in burster-type projectiles such as
200 seconds or impact superquick functioning is high-explosive, white phosphorus, and certain
desired. This fuze will be shipped with its own gas projectiles.
booster assembled and should not be used in a e. Setting the M577 or M582 fuze. The fuze
base-ejection round. This fuze must never be fired setting key (which looks like a slotted screwhead
without a setting placed on it; that is, a setting for on the nose of the fuze) controls the three dials in
impact action (e(1) below) or time action (e(2) the fuze. This key is used for setting either the
below). M577 or the M582 fuze after it has been screwed

d. Installing the M577 or M5R2 fuze. Install the into the projectile. Place the M35 fuze setter (fig
M577 or M582 fuze in the fuze well of the 11-28) over the nose of the fuze. With the palm of
appropriate projectile by using the M18 fuze your hand pressing in on the top of the fuze setter
wrench (fig 11-17). Remove the closing plug (on (fig 11-29), rotate it counterclockwise so that the
105-mm projectiles) or the eyebolt liftin%, plug (on screwdriver-like blade in the cone of the fuze setter
separate-loading projectiles), inspect the fuze well, engages the slot in the top of the fuze. Set the
and then screw the M577 or M582 fuze in the appropriate numbers under the hairline visible
appropriate projectile until it is handtight. Place through the window on the nose of the fuze.
the M18 fuze wrench on the fuze so that you can
turn the wrench counterclockwise about 1

/ turn. (1) Setting for impact action (4 98). Rotate the
Tighten the fuze to the projectile with a sharp snap fuze setter approximately 1/4 turn in a
of the wrench in the clockwise direction. There counterclockwise direction to change from the
should be no threads showing and the fuze should shipping and storage setting 4 95 (fig 11-30) to a
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Figu1re N-26. Fuz:es M577 M-582
m, rhanica! time-suorquick. 

-

Figure N1-27. Fuze M577 prepared for registration
mode u zth the 5.5 -nim f.M4,? or

li-inch (M509, 1CM projectil*,.

0

Figure 11-28. Fuze M577 and fuze setter M35.
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Figure 11-29. Operational t'ieu.' showing use of fuze Figure 11-30. Shipping and storage setting of
setter M35 on MTSQ fuze M577 or M582. fuze M577 or M582.

setting of 4 98 (fig 11-3 1). At this fuze setting the nose of the projectile) to asetting that is atleast
( 498), either fuze M577 or fuze M582 will operate 1 or 2 seconds less than the required setting. Then
as a superquick point-detonating (PD) impact fuze turn the fuze setter counterclockwise and set the
and the round is ready for firing without fuze to the required time by lining up the
additional action. appropriate number under the hairline.

(2) Setting for time airburst up to 200 seconds. f. Direction of setting the M577 or M582 fuze.
Rotate the M35 fuze setter approximately / turn in You can set either the M577 or M582 fuze from the
3 counterclockwise direction to remove the shipping and storage setting to the desired setting
shipping/storage and impact settings as well as (PD or time) by rotating fuze setter M35 in a
the black triangle( (4). The black triangle indicates counterclockwise direction (fig 11-33). However.
a nontime setting. Continue rotating the fuze these fuzes cannot be set to the desired setting and
setter counterclockwise past the zero time setting then to the shipping and storage setting by the
(000) until the desired time setting is reached. Each continuous rotation of the fuze setter in the
complete turn of the fuze setter moves the dials 10 counterclockwise direction. To change a time
seconds. Turning the fuze setter 20 complete turns setting to an impact setting or a shipping and
moves the dials from 000 to 200 (fig 11-32). The storage setting you must rotate the fuze setter in
dials cannot go beyond the 200 setting. In order to the clockwise direction.
set the fuze back to a lower time setting, for impact,
or to the shipping setting, you must turn the fuze g. Number of times the M577 and M582 fuzes
setter in a clockwise direction. DO NOT TRY TO can be set. The M577 and M582 fuzes can be set as
TURN THE FUZE SETTER BEYOND THE many times as necessary to get the correct setting.
MECHANICAL STOPS AFTER 200 APPEARS If you miss the setting the first time, back the dials
ON THE DIALS IN THE WINDOW OR SET THE up 1 or 2 full seconds and reapproach the setting in
FUZE BELOW THE SHIPPING SETTING OF the counterclockwise direction.
4 95.5 TO 4 93.0 (f below). While reading the
setting, apply slight torque to remove backlash. 11 -27. Proximity (VT) Fuzes

(3) fteaucngsettingfor time airburst. To reset a. General. Each proximity (VT) fuze (fig 11-34)
either the M577 or the M582 fuze for atime interval has a clock-like mechanism that is set to control
less than the interval for which it was originally the activation of the radio transmitter and receiver
set, turn the fuze setter clockwise (as viewed from in the fuze. These fuzes may be set as many times
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FUZE SETTER M27

VT FUZE

Figure 11-34. Fuze setters M27 and M28 and proxinitl. VT fuze.

To prepare a projectile for a long intrusion fuzes are set to the closest 1.0 second. The clock
proximity (VT) fuze, first remove the eyebolt mechanism time ring on these fuzes merelY dela s
lifting plug (on separate-loading projectiles) or the
closing plug (on 105-mm projectiles). Remove the
supplementary charge (fig 11-37) by its lifting loop
and inspect the fuze well cavity. Next, place the
proximity fuze (M513 series for 105-mm caliber
projectiles, M514 series for all other caliber
projectiles, and M728 series on any caliber FCJp1V76'
projectile) into the fuze well and screw it down
handtight. Then place the MIS fuze wrench (fig11- 17) on the fuze so that the VT portion of the fuze "

slot (the outer fitting on the wrench) is in the two
grooves on the fuze. Turn the M18 fuze wrench
counterclockwise about 14 turn (to loosen the fuze)
and then, with your hand on the handle, turn the
wrench sharply and firmly clockwise to tighten " _
the fuze to the projectile. There must be no threads
showing, and the fuze must fit snug against the
nose of the projectile. Because of the longer fuze
body of the proximity fuze. occasionally it is
impossible to tighten the proximity fuze so that it
is snug to the nose of the projectile (fig 11-38). DO
NOT FIRE THE FUZED PROJECTILE IN THIS
CONDITION! REPLACE THE FUZE OR THE
PROJECTILE. IF YOU REPLACE THE
PROJECTILE, PUT THE SUPPLEMENTARY
CHARGE BACK IN THE FIRST PROJECTILE
AND FIRE IT WITH AN IMPACT OR MTSQ
FUZE.

f. Setting the proximity (VT) fuze. Unlike the
MTSQ fuzes, which must be set to the closest 1/ 10 Figure 1 1-35. M5 desensitizing cap.
second for correct time action, the proximity (VT) M513 (VT) fuze. and capping deruce.
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Table 11-3. Proximity (VT) Fuzes-Reliability

Weapon System Proximity Action Impact Action
Fuze model Charge restriction Fuze model Charge restriction

105-mm howitzer M513 (all series) Charges 2 through 6; M513A1 (T226E2) orCharges4 through 6only;for
charge 7 only in a combat M513A2 (T226E3) charge 7. see notes I and 2.
emergency (note 1).

155-mm howitzer M514, M514A1, and Charge 3 green bag and M514A1 (T227E2) Charge 4 green bag and
M514B1 above or charge 5 white above or charge 6 white bag

bag and above, and above (note 21.

8-inch howitzer M514, M514A1, and Charge 3 green bag and M514A1 (T227E2) Charge 4 green bag and
M514B1 above or all white bag above or charge 6 white bag

charges. and above (note 2).

105-mm howitzer M728 (formerly the Charges 1 through 6; M728 (formerly the Charges 1 through 6; for
M514A1E1 and the charge 7 only in a combat M514A1E1 and the charge 7, see notes 1 and 2.
M514A3). emergency (note 1). M514A3).

155-mm howitzer M728 (formerly the None M728 (formerly the None
8-inch howitzer M514A1E1 and the None M514A1E1 and the None

M514A3) None M514A3). None

All weapons M732 None M732 None

otes
1. All projectiles fired at charge 7 in the 105-mm howitzer will utilize impact fuze M557, MTSQfuze M564, or other avail-
able authorized fuzes, except that under emergency combat conditions all the M513-series fuzes and the M728 fuze may
be fired in the proximity mode at charge 7. ONL Ythe M513A1 M513A2, M728, and M732 fuzes may be used in the impact
mode (note 2).

2. To achieve maximum reliability, set the M513A1, M513A2, M514A1, M728, and M732 fuzes for 90 seconds when
impact PD action is desired. The M513, M513B1, M514, and M514B1 fuzes cannot be set for impact PD action only,
because the proximity element must be armed before the impact element can become armed on these earlier model fuzes.
WARNING: All fuzes must be fully seated (no space between the shoulder of the fuze and projectile). Improper seating
may result in premature functioning of fuzes,

the activation of the radio transmitter-receiver when fired. Because of this latest change, these
until the fuzed projectile gets close to the target. As fuzes will function on either impact or time,
the fuzed projectile approaches the target, the time whichever occurs first (see table 11-3).
setting activates the radio transmitter and causes
it to broadcast a signal toward the target. The (1) Fuze setter M28. Fuze setter M28 (fig
receiver is activated 2 seconds later and starts 11-39) is similarto precision fuze setter M26 except
picking up the reflected signal. The fuze will not that it has a 100-second time ring on its outer
function on a weak reflected signal. But as the scale. The fuze setter must be turned in a clockwise

fuzed projectile approaches the target, the signal direction to set the VT fuze. Place the time on the

becomes stronger until it is strong enough to cause outer scale of the M28 fuze setter and lock the ring

the VT fuze to activate the explosive train and in place with the thumbscrew. Place the fuze setter

detonate the projectile near the target. Most of on the nose of the fuze and rotate the setter in the

these fuzes have a 100-second time ring on them clockwise direction until it stops. Then remove the

for this purpose: however, the M732 short setter. The setting on the fuze setter should be

intrusion fuze has a time ring of 150 seconds. The checked with the setting on the fuze to insure that

early series of the M513, M513B1, M514, and they agree. Be sure that the fuze remains flush
M514B 1 VT fuzes were designed so that if the radio with the nose of the projectile; however, this is not

was not activated, the electronic impact switch normally a problem, because this fuze is set

was not thrown and if a round hit the target before clockwise and does not tend to back out of the fuze

the time set on the time ring had expired, the result well. Instead, the fuze tends to be tightened in the

was always a dud. To prevent a round from fuze well when the M28 fuze sett-r is turned

becoming a dud with a VT fuze on it, the later M513 clockwise to set the time. The M28 fuze setter is not

and M514 series of fuzes (with numbers ending in used with the 150-second time ring of the M732

Al, A2, or A3) as well as the M728 and M732 VT fuze and is no longer being issued, but is being
fuzes were all designed so that the impact action replaced by the M27 (fig 11-19).
on the VT-fuze projectile would always be armed 2 (2) Fuze setter M27. Fuze setter M27 (fig
to 3 seconds outside the muzzle of the weapon 11-19) can be used with the M501 MTSQ fuze and it

11-36



FUNU N1JNE 0uI4.,

\\22-.T CI ItTME M513,

WPACT

IN RJSIN 1 I,' I(,N

I, In

SuppF
1

(mE'T

Figure 11-3. M732 proximity (VT fuz.0

can also be used to set any of the time rings on the .
proximity (VT) fuzes. With this fuze setter you can
turn the time rings on the VT fuzes in either
direction as long as you take up any lost motion by
turning the rings clockwise for the last few seconds
on approaching the time to be set. You may turn
these time rings as many times as necessary to get
the correct time setting. L

g. Direction of setting proximity (VT) fuzes. A B c

Rotate the M28 fuze setter in a clockwise direction A INE .U. G S.. E SE. o/I

(from lower to higher numbers). You can turn the NOTE T.......... .-.

M 27 fuze setter in either direction. It is -...... ........... . .
rec om m en d ed th a t p ro x im ity (V T ) fu zes a lw a y s b e . . . .. ...... . ... ... 117I- l

set in a clockwise direction. If you miss the setting Figure 11-37. Typical deep-cacity projectile
with the M27 fuze setter, back it up 1 or 2 seconds with supplementary charge.
and approach the correct setting from lower to
higher numbers. If the setting does not agree with more common fuzes currently used with field
the M28fuzesetter, recheck the setting on theouter artillery weapons. For additional detailed
scale of the setter, retighten the thumbscrew, and information, refer to TM 43-0001-28.
reset the time ring by turning the M28 fuze setter in b. Table 11-5 is a modified extract of TM
a clockwise direction. 43-0001-28-2 and is a comprehensive listing of the
11-28. Weapon-Projectile-Propelling Charge authorized cartridge/projectile-fuze combina-

Chart Compatibility and Authorized tions and interchangeability data for
Fuze-Projectile Combination Chart conventional ammuniton used with field artillery

a. Table 11-4 lists information pertinent to the howitzers. Special instructions on the use of the

IMPROPERLY SEATED PROPERLY SEATED
IN THE PROJECTILE IN THE PROJECTILE

Figure 11-38. Improperly installed VT fuze on the left. properly installed VT fuze on the right.

11-37
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proximity or impact action of proximity (VT) fuzes later booster of this series, the M 125A 1, req uires a
are given in table 11-3. For special instructions minimum of 200 feet of projectile travel from the
and information on the older fuzes listed in table tube before reaching the armed position.
11-5 and not discussed in this handbook, see TM
43-0001-28. b. M25 booster. The M25 booster functions in

c. Appendix B to this handbook is a Field the same manner as boosters of the M125 series;
however, the M25 is used only on the CP fuzes ofArtillery Ammunition Compatibility Chart by the M78 series and it must always be assembled inweapons and the deployment of current the fuze well of the high-explosive projectile

ammunition to Europe, Korea, and continental insteadeofeon thetfeze.gItecannot e ssele
United States. This appendix is a general guide instead of on the fuze. It cannot be assembled to
only and the appropriate technical manual (TM) the fuze because it does not fit on the fuze. The
should be consulted for operational employment of primary difference between the M25 booster and
field artillery ammunition. boosters of the M1 25 series is that the M25 has only

three external threads whereas the M125 has nine.11-29. Boosters A cotter pin on the M25 holds the rotor assembly in

A separate charge of somewhat greater place during shipping and handling. This cotter
sensitivity is provided to detonate the pin must be removed by the cannoneer before the
high-explosive filler of an artillery projectile. booster is installed in the fuze well of the
Because its function is to increase, or boost, the high-explosive round. After the booster has been
effectiveness of the explosive train, this charge is installed, the CP fuze M78 is screwed tightly into
known as a booster (U, fig 11-12). This high the fuze well of the projectile on top of the booster.
explosive is usually tetryl. The function of a The M16 fuze wrench (fig 11-14) is used to
booster is twofold. Its primary function is to insure assemble the booster and the CP fuze M78 in the
the proper detonation of the bursting charge and fuze well of the HE projectile.
give a high-order detonation. It also serves as a c. Projectile spotting charge. A special projectile
means of providing mechanical bore safety, which spotting charge, that looks like a shaped-charge
is accomplished by a booster rotor. In most fuzes booster, has been developed that is screwed on to
equipped with a superquick element (except the MTSQ fuze M577 when the ICM projectile
electronic fuzes) a flash channel extends from the M483 or M509 is being prepared for firing in the
superquick detonator to the booster charge. registration mode (see para 11-26d(1) and fig
Inserting a rotor above the booster charge and 11-27). This projectile spotting charge is drawn
offsetting that portion of the flash channel
prevents the flash from the superquick detonator
from reaching the booster. If the rotor is FLASH LIGHT BATTEPIES NIGHT LIGHT

eccentrically weighted and pivoted near its center, INSIDE HANDLE S'T"

centrifugal forces will cause the rotor to turn.
When the rotor has turned so that the heaviest
portion is toward the outside of the fuze, the
portion of the flash channel in the rotor will be
alined with the remainder of the flash channel. By
the time this alinement occurs, the projectile is well INNER SCALE NOT USED
clear of the tube. FRF UE

a. M125-series boosters. The M125-series
boosters are received already assembled to those OUTER SCA E

FOR PROXIMITYfuzes used in burster-type and high-explosive Vr FuzEs
projectiles with the exception of the CP fuzes of the
M78 series. The fuze-booster assembly is removed THUMSRE

from the container, inspected, and seated in the
fuze well of the projectile in one operation. Bore
safety of the complete projectile and fuze is
provided by the booster rotor, which holds the
explosive train out of alinement with the firing pin
until the round has been fired through the cannon
tube. The setback force of the firing of the round
and the rapid acceleration and centrifugal force
applied to the round cause the rotor to be unlocked
and move the explosive train in alinement with the LIGHT

firing pin. Ihe earlier booster of this series reaches
the armed position after the projectile has traveled
between 150 to 300 feet from the muzzle, depending
on the velocity and spin rate of the projectile. The Figure 11-39. Fu e setter M28.

11-38

L ___- I



a -0
0. 0, c 0 o~~
0 *Oo 0-00 4

S .. 0 '0 u.-*', * 4

V 0

0, 0 *

0' 1~4, 
0  ~ ~.E. E0

00
22 E .

-00

00 0 0
z. :v. V

* 4,

00

- 00

0 Or~rOZ"
4.~~O 

v4 
4 

0' r.0 o..
0 00 1

>o 00

0 00

- &, 12 4,,~~, 1, 0 4,
0ON

4,11-39



- 44

c -o 44 0 o

4.. >-. ~ . ~ c

.044 .~ ~ U. 4.' 4.0~ 
0 ~' ~ ~ .~

Z *C m Al o 7.. a o - o l

E "

4 . 2It ti:~ ~ .U 4'

'V 4* 4 Ho V v
4E I 02-

o > .~.
.4.0 ~ ~ 0~ 4. ~ 0 .4

*'~t'" ~ .4
r V V IL

4.~ o0~ ~ 0

44lo En 4 04E . ~ ~ .4I

4, '

- 4o

4.0444.04 N 4. ~ ,0It

oc to tn4 0v

- * 0 .'. .- ~ U'. ~ 4

k - Im o

o ~ ~ ~~ 1,44 ~ 2e u

'0or.

0r

'a4r

C r~cocg

4.-. 00.

Z U 4.o .

*~ [-. a)C- 4

(4 v z 4

0 ~~~ ILHHH '~4

11-40



front the atmmLnition supply personnel as at projectiles. This charge is not used with any other
separate item when firing either of these fuze or projectile.

0 ~Section VII. NEW AND EXPERIMENTAL AMMUNITION COMPONENTS

11 -30. General 155-mim and 8-inch howitzers. In all of these

'he principal of using four basic components to cases, the stress is on longer ranges for each
make up at complete round of ammunition is being caliber.
put to good use in the flew family of propelling a0. l~.-~mpropelling charges. There are two
charges. projectiles, and fuzes that are undergoing flew propelling charges under development for use
developmental tests and evaluation at this time, in the M109AI A2 A3 self-propelled howitzers
Not all of the items will be classified standard A, and in the M198 towed 1.55-mm howitzer.
hut many of them will he. This information is (1) M1 19A42 pripeluing charge. The Ml Il1A I
provided to ket o field artillerymnen abreast of the charge 8 is to he redesigned by removing the center
new items that may reach the field during the core igniter aind changing the charge to 7rather
1980s and early 1990s. than 8. It will he packed in a red hag to distinguish
11-31. Propelling Charges it from charge 7 WB series.

Developments under way at this time in the field (2) .1203 propelling chiarge. The M 2083
of propelling charges are being conducted for the propelling charge is being designed for use in the

Table H -,5. Sene Cartridge Projeetile-Fuzie ('oinhinations o r Field ArtillerY Howitze'rs

FQZE :set Note I K,, ,A Abb,,r t Srrrnirr

WARfdNI F., iiation, and ip.c,a, 0.-ti-~t PC 0 TO PO

an weapons fuze. projectle%~ Or chA~arge he NJ M S P A DAM A-n de-. ait. -1
numbeted notes a, Its bottom oftis, table a A P( S Ai~t'

appoproiate 60 R. D hott" tt

PA ACAM F11-11ttiiotbtnfe
WsEAPON CARTRIDGE PROJECTIL.E GA opttt' nri,.an

105MM Ef Mt iNotm=l Cio,,li

Isa. Not. 41 HE i t(eep Contiil P P HE to,-0

H EAT Hill t 1,01'.t,n ant, tank

FASCAM M692'M731 AOAM It LUM nnnan

M MOD Mot f-rn
MT Mer M18ann41aAA S M
M ED M:11Iitnn t'mttnet0

H E -BA. M549/MS49AAI P Req,rc. ocas tupl ,nnt

ILM M85S isPD P-1~n dPTiinatngt
PlOD P-1 initialng base detonatingt

-j -OK W M1-10PROs Pt,-t,
GSRAAMS Remote an!, arm.r mine ,tm

SMOKE. HC. M16Iol tflVi Pnnil tn Ionnk

I-~~~flr oat IP phh.

HE- RA M650

SB o, VS M42 OR 1

NOTES

I Fot older I... oot, alno anptit eTM 43- 0001 2R

2So not lemote tile supplemenetary charge when fintrg lbe thou ,ntlrospon iure M732

3 All other 105mm tounds ara iUsed complete with appropriate firtet These rounds ale APE RIS M546 BE Mf4

terre, iB MOOR.HE 04 CUMear I TMOO?.HEP V M327 ILEUM MOTH 4seltet WPSmolkie,111and Gasm
aNHO VISO

H The I 55mm towed lichirrizis M 14/14 11A I ale n0 ttot t te to fire tire M483, M549S. M692, M 7I1. M 731
or M4741 shrn of nie longel length lamil of ptolectle Sac 1 M109 1025 211 IS lot limitatins on propelling
charogas lot MI98 trctlnf with ... tIron 155mm. ticll.

5 For faial limitations on lot. pnoleell ptapullmfl charge trrnbonahimeese - p. 3 11 an d 3 1181I
of TMH 43 001- 21
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production of MI ,AI propel hn chargvs will
.SLOS (,01sist (it zonesS a nd 9. The M I I10A2 howitzter can

EAuE .0-I," PAC LACR JACKET -a" I ire the M '1 S Zone , .The M 1 1()A2 h,,witzr wIt h
LD I M. rnuiN l t- Ibrake can fire either zone, ,' ()r 4 ;t-

ft~k Pwme. NXWAn tprolnkiite. anfd all 8-inch Nlll)A i howitter:CLASS I 041 -CA have bet-n converted to Ni11 (OA2 weapons.

WAX 11 -32. Projectiles
A There are many new designs of projectiles under

consideration at this time, from a SAI)ARM
"Ai "--projectile to new ICMand chemical projectiles and..... ............ i to a cannon-launched laser-guided projectile.
.... ,,,,tO* t,.A ., Most of these new projectile dt-velopments are for

CK ED ..... A-Athe 155-mm caliber; however, there are some new
rounds being developed for the 105-mm and
8-inch weapons.

a. 105-mm projectile under development. The
Figttre 11-40. ,-tnch propelling charge .11SN41. 105-mm projectiles underdevelopment at this time

are-

(1) M622 high-explosiue antitank projectile.
M198 towed howitzer. It is classified as charge S The M622 high-explosive antitank projectile has
and is a one-increment charge. This charge will be been adapted from the M456 105-mm tank round
able to fire conventional projectiles to a range of which has a shaped-charge and is fin stabilized
22,000 to 24,000 meters and the rocket-assisted instead of spin stabilized. It is a special purpose
projectile to a range of 30,000 meters. The test and round and comes complete with the cartridge case
development procedures for this charge have been crimped to the projectile. It also has a special
completed for use in the M198 howitzer. point-initiating base-dttonating (PIBD) fuze

screwed into the projectile. The round has been
type classified for firing in all of the 105-mm

h. 8-inch propelling charge. The MISSAl howitzer tubes of the field artillery (fig 11-42).
propelling charge (fig 11-40) is a two-increment (2) M314A3E1 illumination projectile. The
powder charge (zones 8 and 9) for use in the long M 3 (4A3E illumination projectileisanexample of
S-inch tube on the M l10A2 self-propelled M31rA3E imlu m ent round. is newar pued f
howitzer. Early production models of the M188 a product improvement round. This new round is
charge, zone 8 (fig 11-41) were classified Standard being improved to increase its reliability from 7
for use in the MlIOA1 SP howitzer to fire a percent to 91 percent. Also, an attempt is being
conventional projectile to a range of 20,600 meters. made to increase the total candlepower.
Additional tests were made on the long tube 8-inch b. 155-mm projectile under devielopmen t. There
howitzer to include adding a muzzle brake to the are many new 155-mm projectiles under
tube and adjustments to the recoil mechanism for development that will include a new family of
the purpose of firing the M188AI zone 9 (fig 11-40) projectiles. Some of these new projectiles are being
with conventional ammunition to a range of designed so that they will be ballistically similar.
22,900 meters, and the M650 rocket-assisted The exception to this is the M712 cannon-
projectile to approximately 30,000 meters. New launched guided projectile COPPERHEAD which

-wa

Figure 11-41. 8-inch propelling charge M188 zone 8 for use in MJ IOA I SP houitzer.
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is ain antitank projectile that will home-in on a canister, and replIace if ihast, plate, ttld issu ,t th-
reflected laser beam after it has been fired by the field artillery units for firin. InI a dlin etrirtVc v
cannon crew (see paragraph (41 below), the field artillery annrtiers mnao 1e ritquired t,

l .XM79,5 high - exl)losit pro)J'(til,' The remove the base plait, in,rt the canister a (i

X%179.7 high-explosive projectile is being replace the base plate. theretire,. a pIeetw il ,wrernlt

developed to replace the standard M107 HE shell is provided with each palho hif 12 r wnets (delivered

for 155 -tnm weapons. It will provide increased to the cannon crew A point deh ,nating tule is
c a p a b l i t y t h a n t h e 1 0 7 T h i i n c e a s e r a n enisr e m o e d . a n d t h e ' r n it ~ ead e r I'th e ag r i t t a n d

effectiveness as well as 21 percent greater range installed at the ti batterN the gn mmecapailiy tan he 107 Thi inreaed ang is removed, and the r,,und i.- re~adv f,,r 1,) iding tnd
obtained by achieving compatibility with the new firing. Set-back torce punctureks the two canistersotai ne Mby achieing cpaibiliy wih the inside the pr, icrtile. and spin fi,rce mixes thetop zone M203 propelling charge: whereas, the chemicals together, making the mixture lethal
M107 is restricted from use with this new super When the round hits the target, the point
charge. This new projectile will he made from
high-fragmenting steel case for increased detonating tulze "ill functi,,n, cauing a bursting

effectiveness. It will also be constructed so that it charge to, blow open the projectile and scatter the

and the new family of 155 -mm cargo carrying chemical mixture over the target area.
projectiles will be ballistically similar to the (3) P 04 lon cost indirect fir tram 1iig rouid
M483A2 projectile. This new 155-mm HE ,LITR,. The M504 IITR is being developed t,
projectile will provide a low-cost registration provide a training round less expensive than the
round for the new family of 155-mm payload M107 HE projectile. It isconstructed from a hollow
oriented ammunition. M107 bodv and has been ballistically matched

with steel-thickened walls. Smo(ke, which is
(2) M687 binary chemical porojectilh. This new generated by a chemical compound, is ejected

type of chemical round has been designed so that through four holes drilled in the projectile just
the chemicals are not premixed into a lethal dose. forward of the rotating band. and provides a
and that mixture will not take place until the round visible signature upon impact. The firing tables
has been prepared and fired to the target. This used for the M107 HE projectile can be used with
projectile is shipped with one chemical canister the M804 IITR. The N1804 is prepared and fired
inside the shell, and the other chemical canister is exactly like the M107 round with the impact fuze
in a wooden box for ammunition supply point M557. After the M804 I.ITR is ready for
(ASP) storage. The ASP personnel will remove the production. 10.,-mm and S-inch versions are to be
base plate of the projectile, insert the second developed.

105 MM HEAT-T CARTRIDGE XM622E2

OBTURATING BAND

PROPELLANT M30

\ PROJECTILE

FUZE P1 BD MS09A!

CARTRIDGE CASE
T E ASSEMBLY XM201

ASSEMBLY
PRIMER, M13

PERCUSSION
XMIOO MOO

F'tgure 11-42. M622 high-explosiie antitank projectile.
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i.11,71-1 cannon)~-lauIcihed guideid projceti/. I *7i(AriwkA f a ss i s t ,(4 p roji'e ti It,
The M712. nicknamed the ('( )PPERHIEAI). is at levelopmnent oif this 1-inch high-e-xpilsve
cannon-launched guided priojectile (Cl.GP) rocket-assisted pril eectil (RAPi hais hefen
antitank round that hats the capability o)fhomiing copee rdi npiutnThis RAP round
in ()n its target after being fired by the carnon crew will increasev 1hv rango -,f the new ',-ill(h
t-ig 11 --43. T1his round is loaded and fired the samet self -pri-Iled h ,it/ter '01 1(I1A2 t iilpr"ixrniit(-lv

ats any- other standard I 5.5-innm projectile- except :3t),Ow' rnetcr bih-n firt4 r id th pr peldling c harge
that it is much lonige-r 541 inchesi and is N1I l.IA I, ont.1
t,-ii-stahili/ed Instvad 4t spini-stahilitd Ihe, ' ) rmiti l/iii(ail JirrOI.(tf/i The
tins wings. fiddctd into recesses in the proicetile. XNI\l~-i iii ht-iricil round i. to the nwtype
ire extended in flight after the round ili rs the cherniicii pr#-ri tii, in which the- iherni-ils hae
tube. Tlhe cannon crew i jll not hav ito install at ro1,npen .d iiwila emxdutlte

tuLize because the fuze is alreaily assemrbled within rni,, bs ;r pr1 A pripareill fir heirigxled and ,l
the priijectdle. The cannirwers' will have-t t, Set the, r-n rqr ptprdfi iig ( dd n

fuze tor timie and ia three-digit ci ide. After firinrg the, fired- T i ma.ik Os it satfer to ma nu a( t ure,
proectle.tli fowar obervr mst e (iritee to tr.insiirt, store. handle,. and] fire than the- older

lase his target during th lttetr phame t- Otio tAvpi ot prwvl tiles that(ntindlhacemas
Tht- XM tin pro~jectile is still in the early

terminal poirt; tn ti th'- i *axttir\ so that t hd' l imn n ts tg
homing device. locawd ini the plastic 11ust 4 thi f cfpnntadts tgs

projectile, can pick upl theit reflectedfbeani aridlih rue
in on its target. This type dia ri iind hias been firecd
successfullv at While Sands. llriiving tri indis *11v
tests at W hite Sands included a gr und ahi#r2
Ii catir designati ir. at laser designatir in at remn~idel
piloted plane, and it laser design at ir (pera ti
from at helicopter- All tests pr o.1 d miire than
satisfactory with direct hits achieved with cwh
type of designator.

15 XMq25 smoke priiectitc. A new,\ smoke
projectile (fig 1 1-4-1) is hei ng develi ped t(, pivide
increased obscuration effectiveness oif two to) three,
times that for the current srnike- projectiles. A
sni~lke screeninga OhScuratu nme tee ) and
10 minutes is req ulired, ( )bscur;an width is
required ti) be 1257 hv 250 neters. This improved
smotke projectile utilizes felt wedges impregnated
with white phosphorus (WP) ti i facilitate rapid
dissemination. U pfun in-flight functioAning Of the
M,577 MITSQI fuze. an expulsion charge is ignited
within the nose of the projectile causing base
el'-tctiiin and ignitiiin oif the smoke producing
pay- load of the WP-felt pad wedges. These multiple
sturces fall to the target atrea in a large pattern and
priiduce smoike for at least 5 minutes.

6,i X.V69.IFI r fiotcIlf oit ored ha trh'field
senso r s '%ste'rn projectile. the XM694 El remotely N
monitored battlefield sensor syvstem (REMBASS
projectile is an M483 family projectile which
contains a single I)T-570 seismic acoustic sensor
device. A set of fins that functions as brakes
deploys to provide stability as the sensor device
continues a ballistic flight until impact and
implantation. This artillery delivered sensor is
part of a complete sensor system that includes
detection, discrimination, classification. and data
colIlection.

c, 8-inch projectiles under doelopment. The
following projectiles are either under a
development program or in production for use in Figure' 11-43? ('innon-lainched guided
the 8-inch SP howitzer. These projectiles are- projectile ('W(Pi NM7I2.
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I ~ ~ scs ari .1I. .'0SR0 Rs t ro) a rmor imp~arting a spin to the su bmu nition while
('S.1:A .1I' The XNIS36 SAl iAl(M ;Ysteml, as controRlling the rate of descent of the submunition.
initially developed, will List' a standard M50i9 This uniform spin and descent rate provides scan
~-inch proRjecti le hRod to deliver multi ple capability toR the sensor. The SAI)ARM approach

submunitions packaged within the projectile to an is considered to be unique because it utilizes a
area above an armored concentration (fig 11-45). self-contained sensing technique for target
Each s uhm unit iin contains ain aut onoRmou s detection, and does not rely on a guidance and
sensor tpr the detection of armiored targets, a lethal control subsystem to carry the lethal mechanism
mecnanism capable of defeating the target at a to the target. The sensor acts as a target activatedI
long standoff, and a parachute for stahilizing and fuze, evaluating and processing the inherent

signature emanating from the target.

XN182 5

1-igur., I 1-1.1 Xlf 25 cit Iledgi'-IP 1.L -m m ke'proJR'ctic.

r'Mr
- L-r

Figure 11-45. XM836 sense and destroy armor (SADARM,' projectile.



Section VIII. SUMMARY

11-33. Review ILLUMINATION, etc. , cut the proper charge.

a. Rapid seection and assembly of the correct select, install, and set the correct fuze (IMPA('T,

four major components of a complete round of field MTSQ, or VT) and load and fire the round so that it

artillery ammunition-primer, propellant, is on its way to the target area withina matwrofa

projectile, and fuze-is necessary in order to load few seconds.
and fire a field artillery cannon one time, and d Ammunition is field artillery; the weapon is
produce the desired effect on the target within a merely the means of delivering the round to the
matter of a few seconds. This means that field target' You need to know your ammunition
artillerymen must know their ammunition, howto components. learn the different types of
select the proper components, inspect them, and projectiles and their color codes and markings.
prepare them for firing. learn how to select and cut the correct powder

h. Classification of field artillery ammunition charge and never, under any circumstances, fire a

by type is based on the manner in which fuze that is loose on a projectile or one that has a
ammunition components are assembled for loose time ring.
loading and firing. Complete rounds of field WARNING: I)o not fire an artillery round of
artillery ammunition are known as either any caliber without using the fuze authorized for
semifixed or separate-loading rounds. that particular type of round. The firing of a round

c. As field artillerymen, you must keep up with without a fuze or with a fuze that is not authorized
the changes in components sothat youcan comply could result in an inbore burst or some other
with the fire commands, and select the right hazardous condition that could cause serious
projectile (HE, 1CM SMOKE, WP, GAS, injury to personnel or damage to materiel.

L223 Army-Fort Sill, Okla.
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Ar
A GENERAL PL

FIELD ARTILI
(NOTE: The appropriate TM should be used for operational use of ammunition.)

M196 HOWITZER (NOT IN USAREUPI M114AI EOWITZE(' N JT A IAREUR)

PROP CHARGES MAXIMUM' FUZE DLOYTD .
PRJET3E SEISM"RE I9E-I~ 23 RNE ATOSUSARIEURT KOREA IN -CONUS :

*YES.BRIE MI!AE NO NO ACTIONS -.

14449" Y 1 ES Y kYE O N O 18 10 SO1 '1) *.P', '

It9 APN o, - ES, Bot I -1-

M4491 M1 fES 'ES iq.,y N) l1 0

FS EE S S , NO 1' S ., M'

14454 NuC IPHIE IMPATIBLE ,.ESPE l0, PR,)PCI1AWl,tS -. 1' 1 11-S

14681 8INAIl' EIS 'IS P11-S V T-N')

XM9 HEtStS .. . . . . . . . . .

I__-"---. 
- --- -- IM- ,T

014785, NC)Pl-IEL ;M AT .5 30 1.8] V..- 1' .

M~l~r M4741 '10AM YS 8..' 'Es I It-110 V

4 D . )~S 1'- 3 Ml 114,42 H0iO TZE 14 %OT IN LSAREUI
M7'ESE"F[ EIS S N%, IF,400] ~ '.,

0M6 4 694E I ~ " RL Yr- - - - --- --F "
I'I,)SP AL E'ETIL 'pSR " %U q, % ~ --- I- ~ l

W"00A /A2/A3 SP HOWITZER,-------------
ROETLSPROP CHARGES MAXIMUM I U DEPLOYED .i4

PRJETLE 43 SERlIES 144 S-ERIES M1.89SERIES M203 RANGE ACTIO.NS U SAFE U R KORE A7 IN CONUS
M101_HE YES YES 'ES NO 18 100 M E ES '5

NO ___,__,Y 1S 0 350 P, T - E is 'I,I59I A YES. B., ES. 8ot 
___ VS

roM49 ICM ___ L 'S . YES YES - N 1.10 VT1 ) S'1.

IYES, ol I- - -
M485 ILLUM YES YES .egrde"' NO I17.500 MT F'ES E 115 .

14483A1 OP IC14 E.B. o YES 'ES NO 11,500 , MT YES 'i -ES

ME6W M731 ADAM Zoe t 2 YE YES NO 17.500 I T NO) S '. No N ,. -

1WNCUSES SPECIAL PROP CHIARGES *. NO CLASSIF IE , AR 1354 ASSI ED xk7"L ,i
MIIKA1 HC YES YS- YS N) 0 MT'E 1 'E

Mio WE YES YES YES___ NO 18.S0 Ek MS33 1 YES F

ES, 841 Not qC N 'M8 BINARY YoEs1o2 YES YES - NO TE0 71) MISC) N%, "o

MY1CE CL YES ES SF NO 1810 PO VT YES NFS YESV7 O t

XM795 HE ,E B., NInI YES COMPB NO NOf NE OiMIC)L S--
Zone I or 2 COEVT 1173? -, NO,6W I B Y. Mt 14

X7SNC PROBABLY CO MPATIBLE. BUT NOT NO140 2350 AI1OSTC.5SFf814788 SOC ZONES I o 2NO 3,0 AIBRSCISIEE)

XM825 SMOKE PROBABLY COMPATIBLE, BUT NOT NO TO PNC NO NEYS1I,'-,X85SOE ZONES 10 or __ 2__ NO_ TE _P _ NN__,F 15 __ ___

YES, So. No, I 73 '.,,i'- '71M71RA ZoeIor21 YES F YES NO 1 7.500 MT NO. E Y82 NO NO rN1 ',)

YES. hw n101E80(Come, No.V ROE iz, 19I,7
M4712 COPPERHEAD 1eo to'el 0 YES* YES .. NO 86.400 AIed NO. ESY 83 N_ Only FY Ml 19A2. RedI 1144 44 1t '-

tones I t u43 Inslalell , 8.2-33 23 tdhq- q i

REMBASS69E PROBABLY COMPATIBLE No TRO MT NO NO UNlo1,e

M804 PRACTIC YES '8i n ~~ O 10 P o Y2 No.EB No, FEY82

*M 119 Ser es conss of MI 1190o M I 19A I1 Ity,n lhagso Zone B's, 4011141 19A 2 red b, Zone 7. CAUIT ION 119
oroBO-lhog charge ot? aurhor-ed etith any M5491M549A1 or any other ronket-assloled Projectiles (RAP)

MI91can shcot ,oe 4,5, or B Can shoot Zone 7 in combat emergenCy only.

*-Ml09A2 ,m M109A3 can shoot 172 pryolbe with MI 19A1 or MI I9IA2 piopelkng charges 1., rangeo 0168400
mees.



Appendix B
A GENERAL PLANNING GUIDE FOR

FIELD ARTILLERY AMMUNITION

I1 HOWITZER (NOT IN USAREURI_ 8-INCH HOWITZER M110A2

PHO .. 71P S AMOM EsZE XDEPLOYO L PROP CHARG ES MXU - FuE
M l ,...-,j RANGE ACTIONS USAREURT KOREA tIN CONUS PROJECTILES 1 M2 RANGE ALT -- OS USAREUR

-I-- - *- 4'-,5 *-.=." -- V 2 ",H E NM 
I m,'as M I SP . . . . ..

I RAT N'. % N MT N ILb2

1CM ' ..A CM I

ILL M 1, O I E 1 AD

I~ OF. 
M4 V22- I %,C '

71 OP Ak IM Ali -. 42 A I -55 .

NUC ; PROPELLING MA ... !' k.4 R N E 'It 4U'A

HC 144 T. *- Xv '?04G I '.A

p O T EH G1 1 A 144TION ' -4R KK E

- MHOWIZER (NO IN USA.UR -- . .... ....

SINART N. T VP K A k

HEMI -+ -t -- . .+ - - ... £ M % ,,- C ," -0 V ;= ' ' --'

NUCL NoS 1 I '* I 13 00'r S;F -,_ _ - _ '

4~1

H MIAL14 600 . ..

SMC4 N 1414

I-A lAM V1N1.' 4 N,1.M

__ --______!___+:::__ __ "oo - . . .

COPPFRF' T-4'A.'
2-1 T4.4 ZS t~ ,~1*~ .'*

,IM694t -.SO"

U PMP 1105MM HOWITZERS MIOwAI AND M102 TOWED
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